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PROGRESSIVE operators, 
whether the job is htji or small, 
know that Firestone Ground 
Grip Tyres fiive them the super- 
traction they need- save secar and 
tear on their equipment, and Speed 
up the work. In addition to their 
use on tractors, road {traders and 
other earth workinj* equipment 
they are findin;* wide use on con- 
tractors’ trucks and cars, where 
they must jjet tliroujth re{!ard- 
less of road or weather. 

Firestone patented construe* 
tion features are respon* 
siblc for the amazinf* 
success of the new 
• firestone 
• - NSTM Ground 
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It is easy to see why the massive 
tread, with its scientifically desig- 
ned and widely spaced bars of 
tougher rubber, gives you super- 
traction, and is self-cleaning. Of 
equal importance is the fact that 
the body of this tyre is built with 
Gum-Dipped high stretch cords, 
giving the tyre great strength to 
withstand the terrific stresses and 
strains of heavy pulling with low 
air pressure. In addition, there 
arc two extra layers of Gum- 
Dipped Cords under the tread, 
locking it ‘inseparably to the 
cord body. These arc patented 
Firestone construction features 
used in no other tyre. 

Equip now with Firestone 
Ground Grip Tyres — they will 
save time and money for you on 
every job. When ordering new 
equipment be sure to specify 
Firestone Ground Grip Tyres— 
the greatest traction tyres ever 
built. 
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PROGRESSIVE opcrntors, 
whether the job is bi}J or small, 
know that Firestone Grouiui 
Grip Tyres fiive them the super- 
tracn’on they need save wear and 
tear on their equipment, and speed 
up the work. In addition to their 
use on tractors, road f!radcrs and 
other earth workinjS equipment 
they arc (indinft wide use on con- 
tractors' trucks and cars, where 
they must f!ct lliroufih rr{!ard* 
less of road or weather. 

Firestone patented construc- 
tion features arc respon* 
slhle for tlic nmnsinf! 
success of the new 
•kVF Firestone 
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Entirely made from Indian Materials as used on 
the Anderson Weir, Bengal and for foundations 
of the new Power House of the Calcutta Electric 
Supply Corporation etc. 

SOLE LICEXCEES FOR INDIA rf- BURAIA. 

THE BRAITHWAITE, BURN & JESSOP 
CONSTRUCTION CO., LTD. 

Mercantile Buildings, CALCUTTA. Trlr^vtuL*: “Beebeejay". 
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[HE BRAITHWAITE, BURN & JESSOP 
CONSTRUCTION COMPANY, LTD. 

ENGINEERS AND CONTRACTORS 





KOTRI DIUDGE OVER THE INDUS. 


Structural Steel Work 


OF EVERY DESCRIPTION 
DESIGNED, 

FABRICATED AND ERECTED. 


FRANKI PILING 

FOR HEAVY LOADS ON POOR SOILS 


CONCRETE BEARING AND SHEET PILES, CAST IN SITU 



Entirely made from Indian Materials as used on 
the Anderson Weir, Bengal and for foundations 
of the new Power House of the Calcutta Electric 
Supply Corporation etc, 

SOLE LJCLSCEES fOH ISDIA <0 BURMA. 

THE BRAITHWAITE, BURN & JESSOP 
CONSTRUCTION CO., LTD, 

Mercantile Buildings, CALrCUTT'A. 


iv 






FOR BET/FilR JROADS IN 


Road conditions remain deplorable despite tbe yearly ex> 
penditufe of many crores of rupees in road upkeep. The 
tragedy is that most of this money could he saved and road 
conditions vastly improved hy a simple reform. Were 
Dunlop Pneumatic Tyre equipment fitted to all country carts 
in India, the bad road problem would be largely solved. 
Dunlop Pneumatic Tyre Equipment means good cheap roads 
and increased profits for cart owners. 


OUNIOP 


BULIOCK CART TYRE EQUIPMENT 





USE HUME PIPES 


FOR 


ROAD CULVERTS 



72“ Dia. Hume Pipes used at Secunderabad. 


Hume Pipe culverts are cheaper and 
stronger. They afford quick construc- 
tion and save in supervision. 


Use Railway Standard Pipes for Railway 
Culverts. 


ume Pipes are very popular and are 
. ailways and Public Works 
oughout India. 


ineea in India. 

E Go. LTD. 


te, BOMBAY. 



CATERFILLAK u3il Ti.lITOt 

L£i V-.HL CT-IJEj- 


g.Tnana:^ am; Lrz 


-m.Tr r.'' r s ur - ^ i:5er3^ iaic_T ir^T 


William Jacks & Co 
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“TTTTsTF” diesel rollers 

J ^ ..jy,.. XANDEM TYPE 

Built for Conditions in INDIA 

Supplied to the East Indian Railway (with Scarifier), the Trichinopoly, 
Coimbatore and Tuticorin Municipalities and the 
24-Pergunnas Dist. Board. 

TAR & ASPHALT 
BOILERS 

— manufactured in various capacities 
- can be fitted with Tar . Spraying 

Pump if required. 




Full Particulars will be 
submitted on request. 


BURN 8c Co. Ltd., 

HOWRAH. 

!/Viejr(n»5 : Burn-Howrah Tthphone' Howrali-601. 





Low Fuel Costs, Efficiency and Durabilitj'. 
Demonstration to Bona-fide purchasers gladly given. 

William Jacks & Co 

BOMBAY - KARACHI - CALCUTTA - MADRA 
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“TTTTSTF” DIESEL ROLLERS 

J “M" TANDEM TYPE 

Built for Conditions in INDIA 

Supplied to the East Indian Railway (with Scarifier), the Trichinopoly, 
Coimbatore and Tuticorin Municipalities and the 
24*Pergunnas Dist. Board 

m TAR & ASPHALT 
BOILERS 




manufactured in various capacities 
can be fitted with Tar • Spraying 
Pump if required. 

Full Particulars will be 
submitted on request. 


BURN 8c CO. Ltd., 


HOWRAH. 


Telegrams : Bum-Howrah 


Telephone : Howrah-601. 




Low Fuel Costs, Efficiency and Durability. 

Demonstration to Bona-fide purchasers gladly given, 

William Jacks & Co. 

BOMBAY - KARACHI - CALCUTTA - MADRAS. 
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“TTTTSTF” DIESEL ROLLERS 

J “M” TANDEM TYPE 

Built for Conditions in INDIA 

Supplied to the East Indian Railway (with Scarifier), the Trichinopoly, 
Coimbatore and Tuticorin Municipalities and the 
24-Pergunnas Dist. Board 

TAR & ASPHALT 
BOILERS 

— manufactured in various capacities 
• L can be fitted with Tar Spraying 

' — T‘--‘-‘^-vr « 

a. ' h - i ■ - Pump if required. 


Full Particulars will be 
submitted on request. 

BURN & Co. Ltd., 

HOWRAH. 

; Burn-Howrah Tvlephone’. Howrnh-60 


Every half minute 
NIGHT AND DAY 

somebody buys a 

CHEVROLET 



New Passenger Car Registrations 
in U. S. A. from January to December 
1936 show that 

CHEVROLET 

has a lead of 

1,80,812 CARS 

over its nearest competitor 

Now Look at the 1 937 CHEVROLET 

ON DISPLAY AT 

THE BOMBAY GARAGE, CHOWPATTY, BOMBA 




Indian Roads Congress. 


OFFICE BEARERS AND COUNCIL 
{ 1937 ) 


Pmsident. 

Mr. S. G. Studbs, O.B B., I S.E., Chief Engineer and Secretary to the Govern- 
meat of th<J Punjab, Public ^Vork8 Department, Buildings and Roads 
Branch. 

Vice-Presidents. 

Lieut.-Colonel W. dell. Haig, D S.O , Chief Engineer, United Provinces, Public 
Works Department, Buildings and Roads Branch. 

Eai Bahadur S N. BHADURl, Chief Engineer of Gwalior. 

Navrab Ahsan Yar Juro Bahadur, Chief Engineer and Secretary to Govern- 
ment, Irrigation and Drainage Departments, H. E H. the Nizam’s 
Dominions, Hyderabad Deccan. 


Mr. K. G. Mitchell, CIE., I.S.E., Bonorary Trenstae) and Member 0 / the 
Council. 


Mr. Jagdish Prasad, Bonorary Secretary. 


Other Members op the Council. 

1. M. B. Ry A, Naoes^ara AYYaR AvaRGAL, Special Engineer for Road 

Development, Madras. 

2. Mr. R. A. Fitzherdert, Superintending Engineer, Public Works Depart- 

ment, Bombay. 

3. Mr. C. P. M. Harrison, Chief Engineer, Bengal, Department of Comnui- 

nications and. Works. 

4. Mr. H. Hughes, Chief Engineer, Burma Public Woiks Department 

5. Captain G. F. Hall, C.I.E , MC., Chief Engineer, Bihar, Public Works 

Department, Buildings and Roads Branch. 

6 Mr, H. A. Hyde, Chief Engineer, Central Provinces, Public Works 
Department. 

7. Mr. G. Reid Shaw, I.S B , Chief Engineer and Secretary’ to the Govern- 

ment of Assam, Public Works Department. 

8. Mr. G M. Ross, Chief Engineer, Public Works Department, North West 

Frontier Province. 

9. Mr. A. ViPAN, M.I C.E , Chief Engineer and Secretarj' to the Government 

of Orissa, Public Works Departnaent. 

10. Mr. H. D. Pariku, I.S.E., Special Road Engineer in Sind, Public Works 

Department. 

11, Mr. A. BrebneR, C. I. E., Chief Engineer, Central Public Works 

Department. 



12. Miijor W, B. Whishaw, O.B.E . M.C , R E , Engineer-in-CJuefs Branch, 

Army Ilcfldquartors, Simla. 

13. Ml*. P. L Bowers, G.I.E . Chief Engineer. J.aiimr. 
ll, Mr. E. .T. Bii.att, Cluef Engineer, Bliavn.agar State 

15. Jlr. M. T. Apaua, Chief Engineer, B.iroda State Pulilic Works 
Dejurtment. 

10. Mr. F. D. \S’ELLWOOI>, Chief Engineer, ^^ayurhllanJ State, Eastern 
States Agenej*. 

17. Mr- G. B. E. Tnuscorr, Chief Engineer, Tmvancoro St.ate. 

18. Diw.an Bahailur N. N .\YYAXOaR, Chief Engineer of Mysore, Public 

Works Department. 

19. Mr G. P. Bhand.^rkar 

20. Mr. H. E. Ormerod, The Assocwtetl Cement Comp.inies. Ltil , Bombay. 

21. Colonel G. E. Sopwiin, Shalinwr Tar Protlucts (1935) Ltd , Calcutta. 

22. Mr. W. A. R.\DICE, Braithwaito Bum and Jessop Construction Company, 

Calcutta. 

23. Mr. A, Burns Lawson*. Tlie Hindustan Construction Company Ltd., 

Bomb.iy. 

24. Mr* D. E GOEOn, Tlio Society of Motor Manufacturers and Traders Ltd , 

Bombay. 

25. Mr. W. A. GRiFnTHS, Burm.ih Sbell Oil Company, Ltd , Calcutta. 

26. Mr, 0. D. N. Meares. Staud.xrd Vacuum Oil Company, Calcutta. 

27. Brigadier E C. Walker, Chief Engineer. Southern Command, Poona. 

28. Mr. S BashiR-UI. Sui>enntcn<ling Engineer. II Circle, Public Works 

Department, .\mb.ala 

29. Mr. N. V. Modak. City Engineer, Bombay Municipality, Hornby Road, 

Fort, Bombay. 

30. Lieut.'Coloncl H. C. SuiTH, O.B.E, M.C., General Secretary, Indian 

Roads and Transport Development Association, Bombay. 






Proceedings of the Third Meeting of the 
Indian Roads Congress. 


Vol. HI Lucknow February 1937. 


CONTENTS. 


1. List of delegate; 

2. Presidential address by Rai Rahadur Chhutlan Lai, Retired 

Chief EoEiocer, United Provinces ... 

3 Opening address by His Excellency Sir Ilarrx’ Ilaig, K C S I 
C:e, r C S . Governor 6f the United Provinces... ...'t 

4. Some notes on the lay»out of rural and suburban loads in tlie 
Punjab, by R Trevor Jones Paper No. 32. (3 diagianii n«ci 
iphotcgrciphs) 

Discussions on Paper No. 32 


PAGEBi 
'l— 4 

5—7 


7— 9'-'‘ 


18—26 


6. Farther notes on treatment of roads with Bitumen and Tar in 

Delhi Province, by A. W. H. Dean. Paper No. 34 ... 27—53 

7i Discussions on Paper No 34 ... ... ... 54—62 

8. Correspondence on Paper No. 34 ... ... ... 

9. Roads and public health in India with special roforonco to 

malaria, borrow-pits, and road dust, by Raja Ram. Paper 

No. 33 ... ... ... ... ... 64—70 

10. Discussions on paper No 33 ... ... ... 70 — 73 

11. Ways and Moans of improving the bulIock*cart, by G. L W. 

Moss. Paper No. 36 ... . ... ••• 73 — 81 

12. Discussions on Paper No. 36 ... ... ... 81 — 91 

13. Correspondence on Paper No. 36 •• ... ... 91 — 92 

14. Optimum weight of vehicles on extra municipal loads, by K. G. , 

Mitchell. Paper No. 39 ... ... 92 — 95 

15. Discussions on Paper No. 39 ••• ... 95—104 

16. Correspondence on paper No. 39 ... ... ... 105 

17. Economy and developments of bonded brick concrete roads, plain 

and reinforced, by A. K. Datta. Paper No 35 {lO diagrams). 106—141 

18. Discussions on paper No. 35 ... ... ... 142 — 146 

19. Indian Road-Agsresatos", their uses and testing, by R. L. 

Sondhi. Paper No. 37 ... ... ... ... 146—163 


^6. Diaouaaiong on Paper No. 37 ... ... ... 164 — 176 

21. Submersible bridge across P.arbati River at mile 231 Agra- 

Bombay Road, by Bai Bahadur S.N. Bahadori. Paper No. 38 
[8 diagrams and 4 photographs^ ... ... ... 176 — 230 

22. Discussions on paper No. 38 ... ... ... 231 — 234 

APPENDICES. 

23. Appendix I -Tours and other functions held during the Third 


Indian Roads Congress .. ... ... 235 — 248 

24. Appendix II.-Explanatory notes on “Indtan Roads Congress 

Standard Specification and Codes of Practice for Road 
Bridges in India (published as a separatebook) ... ... 249 — 273 

25. Appendix 111 -List of papers in annual Proceedings ... 274~276 

26. Appendix IV.»List of Members of the Indian Roads Congress ... 277 — 287 

27. Index to advertisers ... ... ... xxH 



Proceedings of the Third Meeting of the Indian Roads 
Congress held at Lucknow on February 22 to 24, 


1937. 


Tlte Thill! Session of the Indian Ronds Congress commenced at 11 A.M. on 
February 22, 1937 m tlie Aluniciiinl Ilnll at Lucknow. Tho following mombors 
of the Congress were present : — 

Provixcks. 

Madias. 

Mr. \ Nagesxvara Ayyar, Special Engineer for Road Developraont, Madias. 
Air. V S. Srinivasa Ragliava Achaiiyar, Distiict Board Engineer, SontJi 
.\rcot, Cuddalore 

Mr "V H Sadarangani, Profoseor of Civil Enginooung, Goind> . 

Mr P. G Matlie^\, District Boaid Engineer, Bobbili, Yiragapatam District. 
Mr T Lokanatha Mudaliyai, District Boaid Engineer, Negapatam. 

Mr. P K MuUheijt, Distiict Board Engineer. Coc.anada 

Dombm/. 

Mr R A. Fitr.lieibcit. t S E., Deputy Secrctaij to tlio Govt of Bombay, 
P. AY. D 

Afi N Y. Alodak, D C , M Inst C E. M R, San. 1,. etc.. City Eogmeer, 
Bombay Alunicipality 

Mr E A. Nndirshah, Ag Hydraulic Eugloecr, Bombay Alunicipality 
Jinufftl 

Ml C p AI. Il.amson, Chief Engineer. P AY D Bengal, Calcutta, 

Air A K D.itta, Consulting Engineei .t: Alaster Builder, Calcutta 
Rai Sabih K C Guc, District Engineer, Jalpniguu 

United Provinces. 

Rai Bahadur Clihuttan Lai, Chief Engineer (retiied), P. AA'. D., B. A: R. Branch. 
Lt Col. AA'. doll Haig, D S O , Chief Engineer, P. AV. D., B. & R. Branch. 
Mr. C. F. Hunter, I.S.E , Deputy Chief Engineer, P. AV. D , B. & E. Branch. 
Air. L. 15 Gilbert, I.S.E, Deputy Chief Engineer, P, AA’. D., B. A R. Branch. 
All. AA’ F AA’.alfcer, I.S E, Executive Engineer, Agra. 

Air C Alukerjeo, I S E , Executive Engineer, Lucknow. 

Mr. Alababir Prasad, l.SE , Professor, T C. E. College, Roorkeo. 

Mr. R K. Satkar, Municipal Engineer, Lucknow. 

Mr. 0. C. Bagchi, Sab-Divisional 0£ser. Lucknow University. 
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Punjab. 

Mr S. G. Stubbs, O B.B., I.S.E., Chief Engineer ai 
of the Punjab, P.W.D., Buildings and Beads P 
Jfr. R. Trevor Jones, *1.ST3^ Bupei intending E? 

P. W. D., Lahore. 

lilr. S Bashirani, I S.E, Snperinlenffliiig Engineer, / 

Jfr. E. L. Sondhi, I.SE., Executive Engineer, P W 
Mr. Bisbamber Eayal, Pistnet Engineer, Rohtat. 

Bihar. 

W. L, Xfijirell, IRE., Sujien'ntonding Engincf 
Ranchi. 

Mr. S K. Ghose, Assistant Engineer, Sitainarhi Cou 
Ccntial Ptovince^ 

Mr. B. St. J. Nowton, Executive Engineer. Lower M 
Mr. G. M Mcbolvio, Executive Engineer, AkoU. 

Assam. 

Mr. All Ahmad, I.S E., Supei intending Engineer, P. 'i 
Mr. R. L. Varma, T.S.B , Executive Engineer, P "W. ij ' 

Noith-West Ftontier Province. 

Cfljjfc J- B- Ilainswortb, R.C , Executive Engineer, Pes 
Oi issa. 

Mr, J. Bakahi, Executive Engineer, Soutiiorn Division, Cutf.aclc 
]\rr, G, P. Ray, District Boaial Engineer, Puii. 

Smd. 

Mr. TT, B, FariUh, LC.E, ^^.^.E, (Ind), I.S.E., Special Road Engineer ia 
Sind, Karachi. 

JL. G. B. Yaswani, Aesistant Engineer, Roads, Karachi Jlunicipality, 
Butina. 

l\rr. n. nughos, I.S.E,. M. Inst. 0 E., Supeiintending Engineer, p. W. D., 
B. fc. R. Branch, Rangoon. 

Delhi. 

hlr. A. W. n. Doan, M.C , Suporintonains Enginoor, Central P W. D , 
Now Delhi. 

^rr. S. N. Cbakravnrli. Municipal Engineer, Delhi, ^ 

Jfr, Ishtiao Air, Assistant Municipal Engineer, Delhi, 

Jfr. J. N. Da^ Gupta, Assistant Municipal Engineer, Dellii. 
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JliUtaiy Engineer S^rrr«s. 

ifajor V*. B Whishaw, O.B.B , 5I.C , R B , Engineer-m-Chiera Brancb, 
Army Headquarters, Simla. 

Brigadier E. C. Walker, Chief Engineer, Sontliern Command, Poona. 

Captain R. C. Clayton, Garrison Engineer, Wann. 

Government of India. 

ilr. K. G. Mitchell, C I E , Consulting Engineer to the Govt, of Indi.a 
(Roads). 

Professor R.aja Ram, Consulting Engineer to the Jfalaria Surrey of India, 
Delhi. 

Mr. Jagdish Prasad, Assistant to tho Consniltng Engineer to the Govt, of 
India (Roads), A Secretary'. Indian Roads Congress, Delhi. 

Mr. E F. G. Gilmore, Government Test House. Alipore. 

State.*?. 

Cenliat India. 

Mr. Prem Nath Bhalla, District Engineer, Garoth, Holkar Government. 
Mr. Taraeharan Gue, B Sc . B.D.CE., Chief Engineer, Rewa Darbar, 
Re^va. 

Mr. 0. F. Saksena, B.C.E , Assistant Engineer, Rewa Darbar, Rewa. 

Mr, P. L. Bowers, C.I.E , M.C., State Engineer, Jaipur Government. 
Hyderabad. 

Mr. Arifuddin, Superintending Engineer. His Exalted Highness the Nizam’s 
P. W. D , 4th Circle, Hyderabad (Deccan) 

Mr H. M Surati, Divisional Engineer, Roads, Hyderabad (Deccan). 

Mysore. 

Mr. R. W. Scaldwell. Superintending Engineer, Mysore Circle, Bangalore. 
Mr. L. A. H. Wincbler, Executive Engineer, Kadur Division, (Mysore 
P. W. D.), Kadur. 

Mr. N. Suba Rao, Executive Engineer. Bangalore. 

Girofior. 

Rai Bahadur S. N. Bhaduri, Chief Engineer, P, W, D., Gwalior. 

Madras States. 

Mr. G. B. E. Truscott. Chief Engineer, Travancore State. 

Western India States. 

Rao Bahadur K. J. Gandhi, State Engineer (Kathiawar) Jnnsgadh. ‘ 

Mr. U. J. Bhatt, State Ensioeer, Bhamagar State. 
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Punjab Sla/es. 

Sardar nahvant Sinsli, State Engineer, Nablia St.ite, Nnblia. 

Veccaii States. 

jrr. V. Diglio, L 0.13., Chief Kngiiicer, .Tfliijiiu St.'xte. .Tnnjii-a 
JIi-. V. J. Kunte, B.E., State Engineer, Jamkhatuli 
]\h. D G. So\^aui, Executive Engineer, Kolhapur. 

Gujarat Slates d. Baioiia. 

Jlr. M. T. Adalja, L.C.E, Chief Engineer of Baioda State 
Mr. W. E. Patel, B.A., L.C.E,, Executive Engineer, Navsaii Pivi«ion, 
Baroda State 

Easltin States 

Mr. F. D. Well wood, Chief Engineer, Mayuibhanj State 
Business Bejnesentatives 

Col. G. E. Sopwith, Slessrs Slialimai Tar Products (1935) Ltd., Calcutta 
Jfr. n. E. Ormerod, The Cement ilr.iketing Co. of India Ltd , Bombay. 

Jlr, J. P. Anderson, The Dunlop Kubboi Co, (India) Ltd,, Calcutta. 

Mr. J. W, Smitli, Standard Vacuum Oil Co., C.\lcntta 
Lt.-Col. H. C. Smith. General Secretaiy, Indian lloads A- Traniport 
Development Association Ltd , Bombay. 

Mr. C D. N. Meares. Standard Vacuum Oil Co , Calcutta. 

Mr. W, A. Radice, Biaitbwaite, Bum & Jessop Construction Co, Calcutta 
Jfr. D. E. Gough, The Society of ^^otol- Manu/actmeis and Traders Ltd, 
Bombay. 

Mr- D. Nilsson, J. C. Gammon Ltd , Bombax . 

Rai Sahib Haii Clmnd, The Concieto .Association of India, Lahoie 
Mr. I. N. Khanna, Stand.ard Vacuum Oil Co , Delhi. 

Jfi. A. Bums Laxxson, M. lust C.E . The Ilindust.m Constiuction. Co, 
Ltd., Bombay . 

Mr. M. D. Bhaiucba, B 13., Tlie AU-India Construction Co , Ltd , Bombax 
Mr. AA . .A. Giiflitbs, Burmab Shell Oil A, Distiihuting Co , Ltd , Calcutt.a. 
j\Ir. n .Taine«, Burmab Shell Oil & Disti'ibuticg Go , Ltd , Nexv Delhi 
Mr. A. Stu.irfc Lems, The Conciete Associatioa of India, Calcutta 
Mr. AAh J. Turnbull, Slialimar Tar Pioducts (1935) Ltd., Bomb.ay 
Mr. N. Dass Gupta, BE, Standaid A’'acuum Oil Co , Calcutta. 

Mr. A. V. Gharpuro, Hume Pipe Company, Delhi 
Mr. M. M. Doshi, IIuric Pipe Company, Lucknow. 

Mr. Y. M. Mcsxxaui, Hume Pipe Company, Bombaj . 

Mr. AV. n. Kerr, Bitumen Emulsions (India) Ltd. 

Mr. M. E. Llojd, Standaid Vacuum Oil Company, Calcutta. 



Mr. A. A Waugh, I C.S.. Secrotarj to tlio Government of tho United Provinces 
Public Works Department (Buildings it Beads Branch) was present as a visitor. 

His Uxcellcnc\ Sir Il.arra' Haig, KCSI, C-I Ik, I.C.S , Governor o( tho 
United Provinces, who aiiived at 11 A was received by the President, Vice- 
Presidents and meniliars of the Council and conducted to liis scat. 

In asking Ilis Excellency to 0 |'.en the Congic-»s R.ii Bahadur Clihuttan Lai 
then delivered the following .addicss 

YouK Excl:Lu:^■c^ 

On hchalf of the IihIkui P^oad-N Congicsa I .iccoid to Youi Excellency a most 
cutdial welcome and ofici oin i,iatcful thaiikb fur coming hcic to-da>, to open 
tlie third meeting of the Congie->'» Bcfoie I loquc^t Your Excellency to declare 
tho Congress open I mav be pennittcd to siy a few words reviewing its activities 
fiom its inception to tins d li . The necessity of having a technical Koads Associ- 
ation in India was felt by Highway Knginceis in India but the idea did not take 
a concrete shape until 1931_when Mr Mitchell, the Consulting Engineer to 
the Goveinmcnt of India (Baadsi. suggested the creation of a society to promote 
the interchange of ideas and tho pooling of experience in load construction and 
maintenance This pioposvl met with tlic appiov.il of provincial Governments, 
and the Government uf Indi.i with the advice of the Standing Committee for Roads 
decided to support it and to defiav the whole co»t of the first meeting from their 
losorve in tlio CeiVral Rjul Fund '»o f« as ollicial delegates from the Provinces 
and Indian 'itatC's wcie c inccrned Without tins generous support of the Govern- 
ment of India, tho piclimin u > meeting of the Congress held at Delhi in December 
1031 to discuss the projio^al and to draw up a constitution for a permanent 
Congress would have been imposMble 

2 Tho preliminaiy meeting was opened by tho Hon'blc Sir Frank Noyce, 
Member for Industries and Laboui, and the general proposal to constitute an 
Indian Roads Congress w'a-> appio.ed in its broad outline. Papers on earth, tar, 
bitumcnized and concrete roai-> were read and discussed and a most interesting 
tour of inspection in Delhi, the Punjab and the Noith-Wcst Frontier Province 
was arranged 

The first meeting of the Roads Congress vvas such an unfjualified success 
that the provincial Govemments were unanimous for its continuance and the 
Government of India decided to finance it from their reserve in tho P»oad Account 
fora furtlicr period of two jears 

Tho second meeting of the Roads Congress vvas held at Bang.alore and the 
inaugural address w.vs deliveied by Sii M. Jlirza Ismail, Divvan of Mysore In 
this meeting many more subjects such as traffic census, economical maintenance 
and improvements of macadam roads, use of mollases for treatment of roads, 
Highway bridges, Research and Expeiiinent vv'erc discussed and an extremely 
instructive toui in Bangalore and Mysore was undertaken and completed 

Delegates from the Government of India, piovincial Govemments, Indian 
Stales and business firms attended tho meetings of tho Congress The subjects 
discussed r.vnged widely from earth roads to modern roads of tar, bitumen and 
cement concrete Without going into technical details, I give below* a brief 
resume of tho discussions. 

Eirff; rui'L —The discussion on earth road-> resulted in an important pro- 
posal tor soil research. It was realized that tho total length of roads maintained 


by public authoi-itios in Inaia (excluding Burma) ^vag about 3,00,000 miles, out 
of which about 2,20,000 were unmetalled earth roads. Those roads carrj' the 
^Yhol6 of the tratUc fiom the fields, before it reaches tho metalled road, the 
railway or the market. They aie, therefore, of vital importance in the economic 
life of tho countiT and their improvement will play an important part in rural 

development. T ' '■ far eluded solution. 

In its technical ' und partly ol the 


bullock cart w, . 


lacadam road fails in 


three or four years under light bullock cart traflje, an earth road cannot be 
expected to stand, at all, the strain of that traffic, without a change in the type 
of the cart wheel. An inimodiate change on a large scale in the type of tho cart 
wheel which will require less tractive effort and which will be less destructive 
to eaith roads does not appear to be practical politics but there is no doubt 
that a beginning in this direction can be made by mill and factory owners, 
by municipalities and Government departments possessing their own thelas and 
carts. At the same time I admit that it is tho universal practice to make the 
roads to suit the traffic and not vice vetsa hut unless this dictum is reversed in 
tho case of earth roads, I seo little hope of improving them oven in water- 
bound macadam, as tliis docs not seem to bo within the financial resources of 
provincial Governments. Something miglit be done by a study of tho soils in 
their relation to eaith roads, as itis likely to suggest methods of improvement by 
blondin" or othei tieatment ExpciiracntH with this object in view rrero cariicd 
out in 'the Punjab and the NorthAVest Frontier Piovince but the subject is of 
a specialized nature and requuos special study. This Congress has, therefore, 
resolved to approach tho Government of India to provide the necessary funds 
from their provision for lesoarcb and experiments m their reserve, in the 
Central Road Fund. 


Next, in extent, to earth roads are the water-bound macadam roads which 
form and will, in all piobaWIity, continue to form a Inige proportion of the total 
milage of metalled roads. These roads are suited to carry a slight volume of 
motor traffic and not too heavy a volume of bullock-cart tiaffic and the question 
of incieasing their wearing qualities to make them suitable for traffic of greater 
volume and intensity has engaged the attention of Indian engineers for many 
yeais The gicatest difficulty is encountered when thoio is a mixed traffic of 
iubber-t> led voliicles and iion-tyied bullock-caits, the latter predominating The 
most economical inotbod of improving them is still a disputed point but there is 
no doubt that surface painting or a covering of a thin carpet of tar or bitumen 
increases the life of a \\ ater-bound road, under certain conditions appreciably. 
Surface painting, in particular, h.is boon found to be satisfactory and economical 
under a traffi »• 

tons a day. 

• ' ' ling agents such as tar and bitumen 

rtant improvements in constructions 
■ ■ ■ ^ or tar concrete, laid by the hot or 

cold process have also theii advocates for heavy or very heavy traffic 


Lastly, I should mention concrete roads which have, during tho last few 
years, been receiving increasing attention, particularly in the United Provinces. 
Proterence is given to cement concreto roads, if the traffic is at all of heavy 
bullock-carts with iron tyred whcob but economic consideration, especially, tho 
initial cost, plays a largo part in selecting tho type of road surface to bo used 
Cement concrete roads arc cxinsnsivo in Gist cost, if wo follow tho practice of 
foreign couiilrius, in wliicli concioto roads of less than 6“ thickness arc no longer 
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made. In Diis l*io\info. a lliiokncBti of 3J IncliCH liaH Ik'cii iiHcd uUh cotniilnlo 
ftUCccK? Ro fur and llio initial cost has heen cnnHidcrnhIy reduced, 

TliU Iloadn Coit^jicsa has nllciition to llic cnltcclion of atiiliHlicitl data 
relating to tlio nature and votuino of vrhictilar liaflio uh llioy aro of |iriino 
importance in the classification of rciads \vliii:li is rssonlial In cnHUrotliat iiionoy 
is not frittered a\\ay hy Adopting niolliods of iinprovonient svlilcli iiiii;Iil ho iiti' 
economical. Standard method of takiiii; trAflic cetisuK and the iriHtallations of test 
tracts and a research Ntatinn or oLilions Imto. therefore, Ijccii tnoposed, Tills 
last is an important proposal Actiml IchIh on rn.ids eonHlrtiLtcd ^^illl dlircrciit 
materials in dilTcrcnt pro|)ortinnK. and i>y diirercnt methods in various permu- 
talions and comhinatiniis of climatic condilioiia, nature, volume and intciiHity of 
Iraflic take many K^Jnerations and hy that tune llie disenverj of now miilrTialH 
and now methods render the reHiills vialiivleas Tost tiaek is a short out to 
arrive at results and although onitif; to the oiiiisnion of lime factor exact lesuUs 
cannot ho expected, it in hclioNed that teats carried out under oxlrutno conditions 
uill ;;ivo safe rosulls. 

I have now hricllj roviowed llio activities of tho first two mreliiifjs of the 
Indian Hoads Coii»;rcns. In pl.tees, I fiave expressed niy tiorsotial opinions iiliio. 
I need not anlieipalo llio suhiects which it will diseiiss iit its iiiceliiiK> this your. 
There are subjects wliicli it lias not considered so fur, siieli as llio widtli of iron 
tyres of iininiHl drawn vcliictos and tlicir otfect on road surfacefi, tho maximum 
pcrmihsildo load to he carried on motor vehicles It seems to mo that tho load 
transmitted hy vehicles to the road siirfaco should ho such as could ho safely 
homo hy tho cxistinf' hridf{es and wonid not noeessitalo tho comploto rO'COti' 
struction of ouc roads ot impose an intolarahlo financial strain on public rftvonucs. 
Ro hero again wo aro up against tho commonly accepted jirinciplo that tho roads 
must ho constructed to suit tho Iraflic. It is truo that tho roads must servo 
tho trafllc liut tlio weight and dlmcnsionH of vehicles shouhMio restricted, if tho 
equilihriiim liclwocn tlio needs of tninic and tho rosources iil tho disposal of tlioao 
rcsponsihlo for the upkccii of roads, in n good slate of repairs Is to ho cstahlishcd, 

Your Ilxccllcncy, 1 liavu taken too much of your liiiiu in giving a short 
account of tho two previous incctnigs of tho Itidi.iti Hoads Congress and in 
emphasising tho importance of some of tho prohlcnis it has discUKsod. U is now 
my pleasant duty to tc«iucsV you to declare this third iiicoling of tlio Congress 
open. 

nil Excellency then addreiicd the Congress ni follows 

Mn. riinsnii'NT and OnsTMiMi;;.',— 

It is my very pleasant duly to wcicomo you to laicknow for llio third 
session of tho Indian Hoads Congtoss Tho choice of fAicknow may I liojio ho 
regarded as a compliment to tho United IVovitices, and on this occasion it is 
particularly ajiprojiriato in that you, Jkfr. Hresident, liavo heen so long and honour- 
alily connected with tho I'uhlic Works Department of this IVovinco, fitiislilng 
with four years of valued serviro of Chief Ungiiifor of tlio Huildings and Hoads 
Hranch. ft must, 1 tliink, alTord ratiHfactioii to jrm that during your leniirn of 
ollico steps have hcen taken to rohnhililnto and extf nd the iicl-work of iiriporlant 
provincial ro-ids, which, owing to tho nhiiiip in prices ntid llic iinperativo mid for 
economy, was in some danger of falling hcrioiisly, and for nil indunnito j-tkhI, 
IksIow llio iiiinimnm rc'itiireinonlH of existing Iranie. I am sure you will walih 
future dcvclopuionls with interusl. and that, through tho medium of this Conf^'rcss 



!xnil otlicrwi-x), yt>m fiien<lly aiUicu iiinl sugi^o^f ions uill ho avAiI,\hlo to vom' 
hucca^-ioi'-i nud to i*ovil otiginoors in goncrAl. 

A-s you !i:vvo pointed out in ymir iidih*es«., liio impovt.uit institution wlio-o 
third njoeting wo nro uKending today o>\es its fonndalioji in tjo ninnll inensuro to 
tlio energy mid initi.itivo of my friend, Mr. K. (}, Miloholi, wlioso picscnco lioio 
today I cordially wetconic, JIo \mis pnl>nnt)ioi' of t)mt mine of infonnation, the 
Milchell'KirkncS'i report, nnd ho haa Nincoliad much to do with the in-nigiination 
und ftdininislr.xlion of the Ccnlial ){o.\d Fund nnd of the Tian<>poit A<lvi'>oi\ 
Oouncit. I lliinic you will egico with >iio that llto Indian UoadH Congrc'is Is f,ii 
fmm heing the least Iniiioiliint of the nmnypiodncts of liih fciliio hiain. 

The whole wnild ovei. loid jioUcy and lisinspoit piolileins aio now being 
« iiiMi'sid with a vijpnn Hiul inlcuHily foi which tlicio is no piovious p.u.illcl , 
mid &c,vrol\- a day pasios without ficsh \iowson one oi other of llie nnny iispccls 
of tliese inohlenis ivpi>c'ilng in the I’loss. To co-oidinato tlio vmiotis foiiiis 
oflrauspoil ^o as to hei\u llio piddle cotncnioncc. v/liile joconciling iiitciests 
which me (poihnps nuu’e appaivnllv than aclnallj), in conflict Ii.»s hocoine a 
mailer of \eiy gicvt Importmcc. Ihit aputfiom these wider ipiostlonH of 
policy the oxislouco of a pmely lecimicat body, such as tins, coiircinod with the 
intoix'liange of ideas on the construction and mamtcnanco of louU and hiidgcs. 
and with llie advaiicoinent of road cngiijcciinji tcchnirjue, is most \alMahle, 
Indeed I would siy, eSMUitul I am conlidcnt that Iho Impoitaiice of sclonlllie 
icscnoh in load miltcis will Impu'ss il'clf In incicaslng measiiio on (tovevu* 
ments, mid that lho\ will Imd it to their interest to do what cvci lies in their 
power to place this institution on a hl.ddo and enduring )).isis. 

Hefoto I piss on to a hriof consideration of llie main piohlcins now con- 
fionliiiH us in road p<ilicy, m.ay T.Mr.hesidcnt.inyatiihiitototholiicldity 
with which lliojc p'ehlcnis and the methods hv which they mo hciiig met ai*o 
Indicalcd In addicss'.’ It has hcon ix'umkcd, willi somo tiulh, tliat toad 
conslMiction is hccemhut moro and mom a matter of llie lalioraloiv and of 
chi'tnicd icscaich. I slmidd like to cmplnsjro the need for cxpUiniiiR those in- 
vosligilhMis mid conclusions to the hiynnn. to Iho lixpijcr and to tlioso ics- 
ponsihle for the Ihiii nee and administration of load policy, in terms wliic-li Ihoy 
cm appreciate and midcisfand Thcio luvo been sonio notahlo instances in 
which a popiiUr oxplmation of technical cnginceiing programmes luis ovoked a 
icady ivspoiiso; ami. if jon wish Vour technical locommcmialions can icd into 
pracltco. 1 feel suio Dial >ou must, in fuUiro moro than over heforo, take llio 
people with >ou. 

What arc the main load piohlcnjs of lod.iv? As your ricsidcnt lias 
pointed out \oiy ric.iily in his adili-css, tho long-slamUnn piineiple. Dial the 
ixnds must he eoiisliuctcd and m.niif »inecl up to tho tlemands of tiallic, is lunv 
iiuwitahlv eillctl In ipicstion by Iho i.tpidiiy a\llh which tlicso demands nro In- 
cieifing. Miiloi (i.mv)ieil a-ks a j-ismI de.xl of the loids, and wo ha\o to com 
videi to wlinf eafeiil lt\ iinpmied methods we can within our liimicinl rcsoinces 
meet the dcMinn.ls, niid lo wliat raicnt it is loasouahle to limit llio demands, 
foi instance in ix'specl of the weisht nnd the lo.ail of motor \ohiclcs. llulwo 
must not ivgaid the tiallic piohlcm as mciely oim of motor vehicles Wo in 
this puninr.' hwe wiinrssc*! m Iho !.»sl 26 \o.ai-s a \oiy Inge incicavo in the 
mimhet I'fenl-. fioin ^omc H Ukhs to nlKWit 11 likhs Arcompanv Ing this 
incici'O tlirie is, ns <mi fmllic «cnsu<rs show, an ineu'.as.'d uvn of tho lo.atK hv 
rails imli\idinll\. and esj'ecl.illy hv hewj imn-ljit'd rails which am p.ailtcniai- 

dcslnictivo to the lo.ad t>tiif.acc AKaiii, them Is the growing problem of 



D 


accomiuodaling at ono aiul tbo same tiiHo ami Mow -moving tvafTic, 

which laisos important questions of the plan of our loads l'ast-nio\ing traffic 
too has brought in its avahe Uio proWem of the dust nuisance, and its discomforts 
and dangers both to healtli and to the safety of traflic Then wo arc always 
faced with inessuio from the inhahtUnls of undoiclopcd tracts for new loads, 
and for the hridging of unhridgcd streams And finally thcro is tho wide field of 
maintenance and imiivovcmcnt of tiiiinolaUcd loads and of tho extension of 
Milage tracks, and the best moans of littinfi them for the increasing tiafiic they 
ought to carrj Witliout taking into account many more advanced ideas, the 
solution c\eii of tho iirohlcnis 1 have iiidicated soenis to demand inlcnsiie 
thouglit on tiathc and maintenance iiiuhlenis. and m tho light of piC'cnt costs 
a fevof of capitaf and lecuumg ontfay which imgfit weft mate any inoiinckif 
Government feel despondent 

You will, 1 Uust, fotgivc me for taking up your linio with a mcnliou of 
some pioblcms which .nc concerned with gcnci.il lo.id policy lathei than with 
technical advance in io.\d constiuclion and inaniteiiancc I have done 
because the prohlciiis which I have instanced all point inevitably to one con- 
clusion, that no gieat advance is possible without adequate financial resouiccs. 
It is the paucity of these winch make icscaicli into load cost and load mctliods 
a matter of tlio most vital impoitanco If icseai-ch can evolve metalled and uii- 
nictallcd suifaccs smtahlo to tho types of tiafl'ic concerned at malenally lower 
levels of cost tlian now ptcvail. then, and only then, is there any prospect ol 
buhslantul progtess If, (or instance, research can evolve a method wlicichy 
unoiotallcd loads Can, at the close of tho monsoon, when the soil is rapidly, 
lurdooing, be provided with a cheap but durable surface for tho cold weather 
tiaffio season, then the gain to tho rmal public in such matter as delays, the cost 
of bullocks, and cart upkeep, would bo enormous. This gain might very well have 
the effect of stimulating, indirectly, tho extended use of suitably-tyred wlieols, and, 
m particulai, of pneumatic tyros Again, and with reference more particularly to 
metalled roads, one is inclined to ask whether tiiere is not still a gieat field for 
research and experiment directed towards reducing tho cost of modem surfacing 
matciiaU Again, when signs aie discernablo of a general economic revival, 
would it not bo of immense advantage it industry could co-operate with pro- 
vn^ial Governments to tackle m earnest tho production and supply of cartwheels 
and tyres of cheap but carefully planned design which would save tho life both 
of the roads and of draught cattle? 

I here, gentlemen, that those who have to deal, hampered as they aio 

y inadequate resources, vvith the vexed problems of road and transport policy 
hopefully, to you and to your deliberations and researches 
10 ndian Roads Congress is now entering on a stage when, we all hope, it 
may a possible for technical skill to produce practical results of far-reaching 
a 113 and importance. It is only very' recently that tho world celebrated tho 
uundi-cdth anniversary of the death of John Loudon Macadam, tho Scottish 
ngineer whoso invention of a method of foiming a hard-surfaced road rovo- 
u lonucd the roads of the entiro civilised world ^YlII India produce a second 
• acailam of her own, to deal with her own peculiar road problems ? The need 
and the liour arc ripe 

Gentlemen. I shall not detain you any longer. I thank you for inviting mo 
0 attoiid tho opening of your discussions. I have much pleasure in declaring 
tlm third mooting of tho Congress open; and I wish you all success in your 
labours and deliberations. 

Ilia Excellency then departed and tho Congress adjourned till 2 O’clock. 
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process. During fcho writer's time at Rawalpindi it was gratifyin" to note that 
frequently bullock'Carts appeai*ecl to preler the berm pavement to the tarred 
road. Again \\lieie liver shingle is within reach, good results can be obtained by 
sjireading it loose in the form of a gravelled path over the consolidated eaith 
of the berm However, such intances of the availal)ility of cheap shingle 
aie x'arc. 


Bncl cchjinrj . — A method wlpch has not been adopted to aii> great eitcut 
m the Ruuiab but w hich appears to bo used considerably in the Delhi Province is 
to place a buck on edge curb at the edge of metalling. Such a protection would 
go under the category of original woiks and would cost Rs 700 a mile, but it 
aiipeaia to he veiy lasting and eliminates to some extent the danger of a drop 
between metalling and the beims. In most old established roads ,i gieat deal 
can bo dono by the collection of spare metal, brick ballast, etc , and formin'' 
a “pushta" of about a foot at the edge of the tai \s a tempoiary measure 
this was fairly successful but supplies of '‘tieasurc trove" in Hie foim of spare 
metal soon became exhausted A great deal more might be made of kunker de- 
posits, if they occur close to the road, by spreading this uiatcual a few inches 
thick over a well compacted berm 


Baiih ilabiluation —Recently m tlie Guigaon Division on mile 19 of the 
Dclhi'AIwar Road an experiment was tried with the use of “Ritumulb ‘ as a 
Btabiliacr to tlio earth of the berm. The soil was stabilized with a 2" mat with 
37^ bitumen content, winch worked out at Rs. 3/-?o sft When it is leali&ed that 
a coat of 3 hrick ballast could be laid for about Rs. 2 ^ sft the use of bitumen 
as a stabilizer does not appear to bo a veiy economical proposition, 

Wateuno beims.^Ot course where canal w.uer is available or where water 
can be pumped on to the berms, very valuable results can be acliieved ; Ifi fact it 
may be that the easiest and the least expensive solution of the eaithon berms 
question is a sysfematie organization of watering penods In sandy soils at- 
tempts have been made to meet the situation by the use of grass mats made 
fiom reeds, suikanda and scrub but all those methods are merely palliatives and 
are not really satisfactory. 


In canal areas water for kaclia roads is available at Bs. 30'. ner mile iier 
annum tor 8 waterings except m October ami November . but supplies are by no 
moans assured. Also if and when the soil physicist and the engineer in combi- 
nation produce praoticaf means of stabilising eaitb to withstand tratho without 
breaking up, obviously a great improvement to berms will be possible and safotv 
to the trave ling public will be inereased However safety cannot be assured 
until at feast IS feet of uniformly compacted fairway is providcd~an ideal im 
possible of realisation at the moment. 


Dual Carria<jewaij9.~T:he Consulting Engineer to the Government of India 
(R’jads) hag recently propounded an interesting idea that in cases of oxistin" 
water hound roads, vvliich require reconditioning nnd on winch heavy bullock- 
cart trafhc move, whether it would not bo advisable to suuendor tlio existing 
road to tbo carts .and to construct alongside an entirely now track, which would 
..bt rweiveJ solely for fast moving vehicles. Tiie conditions necessary for the 
of such an experiment wero (i) that the road formation should be at 
foot and (ii) that the avenuc^i of trees should bo well away from the 
ea the Punjab is concerned, unfortunatcli’ or loitunatcly the majo- 
traUioked roads aro tarred and no saving, and in fact much greater 
"WMdd result in tho construction of now tracks for any particular 
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process. During tho writer’s time at Bawalpindi it was gratifying to nofo that 
(iequently bullock-carts appeai'etl to prefer the benn pavement to tlio taricd 
road. Again wlieie river shingle is within reach, good results can be obtained by 
spreading it loose m the form of a gravelled path over the consolidated earth 
of the beim However, such intances of the availability ol cheap shingle 
arc rare. 

livich eihjiii'j. — A method wliich has not been adopted to any great extent 
ill tlie Punjab but u liich appears to be used considerably in tlio Delhi Province is 
to place a Ijiick on edge cuib at the edge of metalling, Sucli a jnotcction would 
•'o under tlio catcgoiy of original worts and would cost Es 700'- a mile, but It 
.ijipeais to be veiv lasting and eliminates to some c.xtent the dauger of a droj) 
between metalling and the berms. In most old established loads a gieat deal 
can be done by the collection of spare metal, biick ballast, etc , and forming 
.1 “pushla*' of about a foot at the edge of the tar As a tempoiary measure 
this was fairly successful but supplies of ‘‘tieasuie tiovo' iii the form of spare 
metal soon became oxliausted A great deal more might bo made of tanker de- 
posits, if they occur close to the load, by spreading this uutoiial a few inches 
thick over a well compacted berm 

Eaith stabUi:aUm — Kccently m tlie Gurg.ion Division on mile 19 of the 
DoUii-Alwar Road an expeuinent was tried with the use of “Pitumuls' as a 
stahilucr to the oaith of the berm The soil was stabiliiiecl with a 2” mat w’lth 
3‘’o bitumen content, \Yliich woiked out at Rs 3/-'o sft When it is loalisod that 
a coat of 3” brick ballast could be laid foi about Rs. 2 sft tlio uso of bitumen 
as a stabilizer docs not apjiear to be a voiy economical pioposition 

Watering bums —Of course where canal watei is available or where water 
can be pumped on to the bcims, veiv valuable lesuUs can be aclueved , in fact it 
may be that the easiest and the feast expensive solution of the earthen berms 
question is a systematic organization of watenng periods In sandy soils at- 
tempts have been made to meet the situation by the use of grass mats mado 
from reeds, siukanda and scrub but ail these methods aie meiely palliatives and 
arc not rc-ally satisfactory- 

In canal areas water for kacha roads is available at Es. 30 - per mile per 
annum for 8 waterings except in October and November : but supplies arc by no 
means assured. .Also if and when the soil physicist and the engineer in combi- 
nation produce practical means of stabilizing earth to withstand trathc without 
breaking up, obviously a great improvement to berms w'ill be possible and safety 
to the travelling public will be increased. However safety cannot be assured 
until at least 18 feet of uniformly compacted fairway is provided an ideal im- 

possible of realisation at the moment. 

Dual Garnarjewaijs —The Consulting Engineer to the Government of India 
(Roads) has recently propounded an inteiesting idea that in cases of existing 
water hound roads, which require reconditioning and on which heavy bullock- 
cart traffic nio\e, whether it would not bo advisable to surrender the existing 
road to the carts and to construct alongside an entirely new track, which would 
bo reserved solely for fast moving vehicles- The conditions necessary foi the 
fuUihuent of such an experiment wero (0 that the load foiniation should ho at 
least 50 foot and (li) that the avcnucsJ of trees should bo well aw'ay fioin the 
ro-id. .Vs far as thu Punjab is concerned, unfoitunatcly* or foituintcly tha majo- 
rity of heavily Irafhckcd loads are tarred and no saving, and in fact iniicli greater 
oxpoudituro, would result in tho couatcuoUon of now tracks for any paiticular 
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form of trftlTic Ilotvcver it is posMhIo that cxiicrimontq of this natwro may 
bo tried out in jnrt'? of tlio Profinco ^\hcle kunkcr choAi> and readily avail- 
able. It w Ivelicvod tliat if the ImllocV-cait cm bo ovcludcd, it is iio«sib!o to tar 
diicctlv on to llie bunker surface, and aery considcr.iblo economics would result 
lliereliv Wint |iorbai>s is inoro interesting in this siigfjcstion is tlio dawning 
conviction that scgicgation of \aiijus sorts of tiaflic is becoming of ailal neces- 
sity and is perhaps c\cu inoro urgent in India than in lluiopc. Dual roads and 
spoci.al tracks (nr vaiiovis categories of tiaflic aio becoming more and more estab- 
lished in Ilngland and it is olnious that sootier or later something will liavo to 
be done on the same lines in India, with its inotch »oad population of vehicles 
of varyng speeds and conlrolabiliiy. Segrcg-ition of trallic however is hy no 
means unknown to India and it would appear that m the early days when tho 
Grand Trunk Hoad was laid out. tho wide road lands acquired were meant to 
accommodate many sorts of traflic on sei'erato tracks On a page in Kipling’s 
Kun will bo found the following passage — 

“.^nd now we come to tho Dig Road tho Great Road which is the 

backbone of all llmd I’or tho most pait it is shaded ns nbovo with 
4 lines of tices tho uuddlo toad — all hard— tabes tho quick traflic. 
In tiio dasabcfoic rail cairiages tho Sahibs travelled up and down 
licro in hundreds Now there arc only country carts and such like. 
Lett and right is the louglier road for tho licavy carts— grain and 
cotton, bliQssa, lunc and hides,” 

Theie would thus scorn to bo a presumption of truth that m the early days 
segregation of traflic was a normal condition Today tho sidetracks t e , ‘’rougher 
4’ enses^ have entirely disappeared and the roadland away from the 


used by all aud sundry. From the motorist’s point of view it would be the 
greatest advantage if it weio jiossiblo to foibid tho bullock carts and the slow* 
mr- --•♦•••• ut tho latter 

y® I and undoub- 

^ ■ . heavier loads 

w’wn less tractive effect than on tho katcha road Neveitholess sooner or later 
0 racks must ho provided for tho slow moving traffic on established loutes oven 
U tlio cost appeals prohihitne at tho moment 

.In erniiipfe 0/ fay-out /oj Itnjftc segtegation m Lahoie. — An example of an 
rospeet can bo seen on tho section between the Chota 
a 1 ridge and the appioach to the main Ravi Bridge at Lahore. Hero on 
f*. exist special tracks for heavs’ bullock carts, which are habitually’ used 

>5 t It 18 true that one tiack on the west side of the formation is metalled 
iV ® katcha and appears to bo as impartially used as the 

0 er Blue Tliis section of road is also very interesting as an example of tho 
wear and teat which the heavy bullock carts oxerciso on a tarred water bound 
road. I’or at the moment the segregated section possesses a smooth uniform 
surface, w’hereas tho adjoining sections used by’ bullock carts is definitely tho 
reverse. (See photographs at the end of the Paper). 

In the layout of the new arteilal roads in tho Province it is unfor- 
tunate that means do not allow for the pnrehnso of land to the old minimum of 
XIO feet Tho Gr.\nd Trunk Road is m many* places 150 feet and over. T 
at least provided additional land (or future sidetracks. The tendency toda 
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years considerable sums have been spent on improving curves and corners, 
l^xtoly on tlio lvvlk\-SiinU, lUwaipSndi-Murroo and Amritsar-Baijtntli for 
o\aniplo. considoriililo sums have been spent on widetnng corners and segregat- 
ing up and down hufVm bv tbo piovision of white studs in llie contro W'tlio 
road. O.i tlio Iviillca-Simla Itoid UGO such comers lia\o boon established and 
ovoiywboro two c.\rii,\gewa\s of a widlli of 10 feet etch piovided. Inlaaing 
out cur\os on roads gonorallv, paiticuUily hill loads, it is not only necessary to 
pay legard to super-elevation but lo suilalilo widening of the load at cm \ os. 
The South .African National Uoatl Hoard li.as laid down recently voiy inteiestin” 
Rtandaids anioug wbicb appear a formula for increasing formation aaidtbs at 
curves which is as follows : — , 

‘'On cmves all formation widths and gravel (metalled) widtiis are to bo 
increased by - — foot, this widening to bo olTcctod on the inside of 

the curves. The transition shall ho offcctod over a length of 150 foot, half on 
the straight and liaU on the curve by me.ans of a circular or paiahoHc curve 
joining tbo inside edges of widened and unwidened sections.” The i>rol)Iom of 
adopting existing lull loads to motor tiaftic toicnder tlioin reasonably safe is 
most founidablo as tbo oxpendilme involved to attain a leasonable standard of 
cui VO, guide and width is immense. Manj lull ro.ads in the Punjab aio being 

used by motor Ionics and cars which aio fianklv dangciotis and tlio accidents 
which have occurred aio of unusual severity. 

Jfonndoiioijfs. — Last year the intensity of motor tiaibc on the Mall at Tiahoro 
necessitated the trial of roundabout sj.stem. The nctu.al foim and shape has 
boon the subject of a good de.il of discussion between tlio Police and tbo Publir 
Works Depaitment. The sjstoni of lonndabouls has licen moio or less estab- 
lished in Lugland and other Western countiics but tlio principles of design aio 
by no means standardired. The roimdahout near (1 P.O. at Lahoio is an 
Interesting example of a number of minm roads joining a major lliorougbfaio. 
On tbo m.ajor thorouglifaro (tbo Afall) bullock carls and slow moving trafTie aio 
not permitted but this is not the c.ase on the subsidiary loads. ConsoQuontlv 
conditions are dilTicult for fast moving traflic on the major load jibo Afall) 
which is ficqiiciitlv bold up by tbo passage of bullock carts cte moving around 
tbo roimd.about Fiutboi tbcio isa tendency forcais moving along the minor 

roads to get across the ^^all at grcit speed if the w.ay is clear and thus hold up 

the main stivam. The following notes on design of louudabnut to meet the 

conditions described, taken fiom a paper from Colonel Hlackwell, Conntv 
Surveyor of r^iioestevsbiie, and pnbUsheil In the Jlighicaii J.’tniinn'} (for M.a\ 
1930) aio of inteiest ami may bo that the ‘staggered appioaeh as pioposed 
therein for minor roidsnnv meet situations as exemplified bv tbo fi'po 
crossing at Lalioro: — 

“ Wliero a bridge or light signals nro considoied unnecessary or nndo«iralile a 
loundabout is likely to meet the case. 

"An isl.ind, usu.ally citcular and with a diameter of at least 80 feet is 
sited in tbo centre of e.ach lo-id, tbo circular road being of such a width 
and the ladiits of the cuivcs nt the junctions of tbo ciicularand radiat- 
ing roads being such as to insuio coricct retardation of vehicles for tlie 
sake of general safely. 

"Twenty foot is a usual width for the circular road and thirty feet tbo 
radius nt the external angles. 
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“The forly foot radiu* of th« iUiinil Ixycn foiiti<l inrut for all 

\cliiclefl, incluilinR llio«o with tlio InfiRcat «liprll)i*.n 

"Tliirly foot r.\rlnM lias lioen foijnil neco^aary lo nhUin tlin rt'njlro! rrttr* 
«lition In tliQ ca»Q nf all intcraccltona aii<l jnrUntH (ui llio frrrl It it 
ncco^^iry to in^iiru rctanKtion, (hin iq a aorioii* ro'liirtlon In 

Iho cflicicncy of earh road ftH ft iiipiim of traiupnrl wliirlj nlioiild li«’ 
desifined to inovido for iiiaximuiii ai*ce<l, carrytiij; rnjiai’lty, nafoly utiil 
comfort with niinniium diqtancc nnd curVAtiiro, horizontal ami vortinal. 

"This need for rotard.ition is often not nppreclftlod hy ilriverH wlio Hoiiiellnici 
point out that an intersection or junction could ho doshpicd to allow nf 
greater ea'sc and speed — defeating of Iho object of tlio doHign, iiaiiioly 
retardation 

"Some meinhors will bo aware that when auch drivnrs liappeii to ho also 
members of tlie responsible highway authority, tlio position of llm 
engineer, also responsible, Is rendered diilicuU, iiml lirnincss in insisting 
on correct design is necessary 

"Turning to the intersection of roads cariying distinctly unequal ariiounts of 
traffic, the staggered crossing has hocu found offoctivo wiiorohy fast 
through trallic is not chccbcd, but traffic on tlio minor road is coinpollod 
to slow down or stop tilt a safe opportunity occurs to woavo into the 
traffic on the major road and out of it again, by a rightangled, loft'lmndod 
turn m, and a riglitangled, right-handed turn out. Hero again a radius 
of SO feet should lie provided at the angles." 

'* *’ '* ■ •••••• • • the ‘devil among the 

Its vehicle to contend 
. . traversing a round- 


Concliision . — Quite apart from question of railway competition, Govern- 
ments do not like roads. Tiiey are an expoose. with no assessable return. 

But the public of India are undoubtedly each year becoming more road- 
minded and it is fair to assume that this need will express itself in a forceful 
demand for safe and adequate roads "Where there’s a will there’s a way"— the 
means will be found to create and plan suitable highways and it is the writer’s 
plea that whilst fulfilling the immediate task with the moans at our disposal, 
the ideal of something better than the present best should not be put away 
as beyond our ben. 
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Boundabout facing the G. P- O. Lahore Jlall. 





ily formation availablo for traflic. 






To illustrate road formation cncloacd on either eldo i»y foncothin tree pliiiitnliotin, 





To .llustrate uso ol berma ami obstruction to tast traffic by lack of "Hoad Sens, 






DISCUSSIONS ON PArKH No. 32. 

Mr. B. Trevor Jonc» ( Author) :~~Mr. Chainntvn tvnd Rcntlcmon, — I mu«t 
cotmnonco by npoloRUmK for the («omc^\hnt BUi>crficinl ftncl fiVclcby nrvturo of, 
my paper. 

Tho lay-out of roa<U a Wr Kubjcct to tackle and one which has Ijccoutc 
]« prominent i^siie in recent years. Hoad dc^iRn must perforce I)o a matter 
of evolution rather than the rC'^uU of critical hcientiiic invostiRation. If it 
were tho latter, modification would not i>o fo frequently ncceRsary Further, 
funds aro wcftrco and it is only i>ossiblo to achioao tho mininium retuUs In 
contra distinction to IrrtRalion and Hallway works, it is soltfom populdo to 
dcbiRn a road project to any depreo of finality ns n comprehensive scheme 
Novcrtholcsa in dcsipniiip new roads the fact that expansion will sooner or later 
be a vital necessity must not b« lost sight of and scope or olliow room ‘ be 
retained to meet tlio dminmls of the future. In my’ paj'er I have attempted to 
sbow tho present position lu tho Piinjah I would say the greatest needs on 
oUr mctnllod roads today mo — 

( J ) provision of two rarnnpoways , and 

(li) segregation of slow and fast trafllc. 

I baao made it cleai that such iinprovcment is not financially possible im« 
niedintely, but my jdca is that a great deni more can Ihj done at moderate 
coat to improae things. Wo cannot provide two carriageways ; so we must pay 
far more attention to our liernis and wc can paae the way for segregation of 
trafbo by making and niamtnming side tracks and induce tho habit of their use 
by carts, Animals and podratnans Further the future must lie provided for 
by acquiring suQicient width of land in nit now roads at tho outset, .‘^t page 13 
I refer to certain jiholographs of the hullock-cait road in Lahore but these liate 
unfortunately been omitted by the Bonds Congress Powers that ho. I however 
have them with me siiould anyone wish to see them. 

Mr S. Bashiram (Punjab) . — Sir. Chairman and gentlemen,- — I wish to con- 
gratulate Mr. Trevor Jones on the excellence of his paper. It may bo as he says, 
sketchy, hut it is most useful. There aio just a few points that I wish to 
comment on. 

On page 12 of the paper Mr. Trevor Jooes has made some remarks about 
brick edging. 1 am afraid I do not agree with this idea of giving an edge in 
bricks or way other material like that. This brick edging or curb only removes the 
mischief some 9 iuebes away and the objection still remains. Those of you who have , 
driven along tho Delhi-.^mbafa Bond must have teen that this curb exists on 
the road iq Delhi Province, and that the bricks are standing there sheer proud, 
a matter of two or two and a half inches, and every careful driver avoids them. 
Further, the surface prosented by those bricks is extract dinarily rough and I 
really do not soo any advantage &t alf in having them. 

Then there is tlio question of earth etahilization. The experiments which 
■Mr. Trevor Jones refers to were actually carried out in one of my' divisions, and 
however excellent this stabilization may he for aviation grounds and similar re- 
fjuircmontfi, I am certain that it ia not any good for road berms, as the stabilized 
earth _inat crushes very badly indeed under hullock-cart traffic. Apart from this 
Iboro is of course tho question of expense It is not economical as we find that 
u coat of throe-inch hrick ballast is definitely cheaper and more satisfactory. 

Tliou on tbo same page Mr. Trevor Jones discusses the question of dual 
rjBgoways. The cheaper propontion in tbo Punjab where all Pro-vincial roads 
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•have bean taired, would appear to bo to re‘U)rvo exi-iting aurfaces for the fast 
traffic and to build entirely now surfaces for beavj bullock«cait traffic which 
.need not be taned at all. As a matter of fact the estimate for a trial length 
tliat . we have sent up to the Road Engineer for being funded has been drawn up 
on these lines. 

At page 15 there is the mention of hill loads Observations on the Kalka* 
Simla Road sliow that the width of the cariiageway round cun'es should be a 
ininlraum of 11 feet, if not 12. 

At page 17 in tho “Conclusion” Mu Trevor Jones says, " Quite apart from 
the question of railway competition, Governments do not like roads. They are 
an expense, with no assessable return That possibly may give a wrong 
impression, because from what I know of Mr. Trevor Jones’s views I do not 
think he subscribes to that statement as it reads. I think ho is definitely of 
the opinion that roads are not a luxurj' but a necessity and that the return on 
expenditure incurred on them is definitely a profitable one A veir simple 
calculation will show you the fallacy underlying the erroneous belief he refers to. 
You will find that if a bullock-cart e,imes a one and half ton p.ay load and tho 
saving in freight due to metalling an unnietallcd road amounts to one pice per 
inaund per nnle , and ten buUock-caits use that road, tho total saving in freight 
will not onlj pay for all the maintenance chaises hut actually the interest on 
the capital involved in metalling the loatl. 

Mr. K. G Mitchell — I would like, Mr. Chairman, as Mr. Bashirara has 
done, to congratulate Trevor Jones on mising a question which is going to 
become more and moro important as time goes on. He is however somewhat 
liessimistic about what can ho done. He comes, of coui'se, from a province 
wheie they ha\o made a good deal of piogress in adapting roads to modem con* 
ditions and perhaps find it moro difficult to turn hack and start on new lines than 
it nould be elsewhere. There are one or two points on which I should like 
to join issue with Mr. Trevor Jones. For instance, ho refers on page 10 to the 
road system of India as “a child begotten in haste and reared in poverty”. He 
then, if I may say so, contradicts himself at page 13 by saying, “There would 
thus seem to be a presumption of truth that in the early days segregation of 
traffic was a noimal condition”. They are rather contradictory statements. I 
think that as a matter of fact the fault really lies with the present generation, 
that is to say, with ourselves. The Grand Trunk Road in many places, he says, 
is 150 feet and more wide. I think that in many places it was laid out original* 
ly even wider, and undoubtedly it provided room for segregation of traffic with* 
out hurting anybody But that heritage of the past which was provided by 
our forerunners with considerable forethought has l^on, to my mind, destroyed 
by apathy on our part in not preserving tlie original lay-out and by even greater 
apathy in allowing haphazard borrow pits to bo dug all over the place, so that 
ail that space is lendered useless at present. * 

I personally entirely agree with Mr. Bashiram that edging with bricks is 
. of ver>’ little use. You want edging on any material which is liable to push 
under traffic; hut I cannot see that it is necessary' to edge painted water-bound 
macadam or that -it is much use edging a hard surface with brick which is 
— f*._ . T . . . ... . jajgpgj sup])ort. It 

you cannot roll it with* 
le eating. I think that 
most pronounced drop 

Iwtveen the edge of tho metalling and the berms is in the province where ♦'■ 
brick edging is used. It is to my mind dangerotis and serves no useful 



DISCUSSIONS ON PAPUH No. 32. 

Mr. R Trevor Jones (Author): — Mr. Clmtrnuin tin^ ficntlcmon, — I mu*.! 
cotnmoDco by apoloRisint* for tbo Bomo"hftt aupcrficml ancl sketch) nature of. 
iny paper. 

The lay-out of roads is a bifi subject to tackle and ono which has become 
it prominent issue in recent years. Hoad desiRn must perforce !)0 a matter 
of evolution r.ilher than the result of critical bcicntific iincstiRation. 'If it 
were tbo latter, modificatwm would not Iw i«o frequently necesBary rurtber, 
funds are scarce and it is only jxisstblo to nebiovo tlio rnininiuin results In 
contra distinction to Irrigation and Hallway works, it is Fcldom |)ossiblo to 
design a road project to any degree of finality as a comprehensive schome 
Nevertheless m designing now roads the fact that expansion will sooner or later 
he a vital necessity must not Im* lost sight of and scope or ‘‘elliow room ' he 
retained to meet the demands of the future In niy paper I have attempted to 
show’ the preoent position m tbo Punjab I would say the greatest needs on 
our metalled roads today are — 

(5 ) provision of two c.irriugoways , and 

(ii) segregation of slow and fast traflic. 

I ha\e made it clear that such iiiiprovomenl is not financially possible im- 
mediately, but my )>lca is that a gro.it deal more can bo done at moderate 
cost to impro'e things. Wo cannot provide two carriageways ; so wo must pay 
far more attention to our berms and wo can pave the way for segregation of 
trafQo by making and inamtaining side tiacks and induce the habit of thoir use 
by carts, animals and pedestrians Further tlio future must bo provided for 
by’ acquiring suOicient width of land m all now roads at the outset. At page 13 
I refer to certain photographs of the bullock-cait road in Lishore but these have 
unfortunately been omitted by the Hoads Congress Powers that bo I howeter 
have them with mo should anyone wish to see them. 

Mr S Bashiram (Punjab) : — Mr. Chairman and gentlemen,—! wish to con- 
gratulate Ml. Trevor .Tones on the excellence of his paper. It may be as he says, 
sketchy, hut it is most useful. There are jnst a few points that I wish to 
comment on. 

On page 12 of the paper Mr. Trevor Jones has made some remarks about 
brick edging. I am afraid 1 do not agree with this idea of giving an edge in 
bricks or any other material like that This brick edging or curb only removes the 
mischief some9 inches away and the objection etill remains. Those of you who have 
driven along the Delhi-Ambala Road must have seen that this curb exists on 
the road in Delhi Province, and that the 'bricks are standing there sheer proud, 
a matter of two or two and a half inches, and every careful driver avoids them. 
Further, the surface presented by these bricks is extraordinarily rough and I 
really do not see any advantage &t all in having them 

Then there is the question of earth stabilization. The experiments which 
^fr. Trevor Jones refers to were actually carried out in one of my divisions, and 
however excellent this stabilization may be for aviation grounds and similar re- 
quirements, I am certain th^at it is not any good for road berms, as the stabilized 
earth mat crushes very badly indeed under bullock-cart traffic. Apart from this 
there is of course the question of expense It is not economical as we find that 
a coat of three-inch hiick ballast is definitely cheajier and more satisfactory. 

Then on the same page Mr. Trevor Jones discusses the question of dual 
carriageways. The cheaper proposition in the Punjab where all Provincial roads 



level to tlic minimum nceofi^an’ there w no eai-thlv vea«5on ^by vou ‘should 
economi^ie fe\s culuc feet of caiih by givinS the httlo bmk steep 1 to 1 sido 
sloiws V Inch .lie cspensivo to nnmtam If \oii lun \mir benns into ^our side 
diTims at .1 ica^sonable ‘iIoi>e >ou can often ineieasQ the capacity of the road by 
50 pel cent and leduce the cost of inamtenanca of lunU etl 2 e'> for an mcieaso in 
the cost nf carthvoilc of say 2 jicr oent 

And lasth, Mr. Ti*cim Jones nlhules to the possibilitj of a dual cani.igG- 
vai. This does not perhaps appeal so mncli in the Punjah vherc nil the main 
loads have been tairetl Tf \ou ha\e got a 12 feet metalled io.ul nliich is un- 
able to cam the juescnl day mi\c«l tj-afiie, the present idea is gi.idnally to videii 
it and to gi\c it some supeiior suifacc which mil cam both classes of tmffic, 
and with the exception of cement contiete we do not know of anj siiifaee in- 
innsicallv sniteil to both ts-pes. We know that mans kui faces suitable for motor 
U-afiic aio liable to bo damaged b\ bullock-caits It is a mattei for iinestigation 
and exjierimcnt wbetlier it is not possible, foi the same cost of maintenance, to 
leave our metalled roads for bullock-carls as Ijcfore and to provide n separate 
compamtivelj cheap road foi the fast motor traftic. Tlien >ou will have roads 
adaptetl to the traflic which max use them. It is a matter for investigation and 
cxpeiiment : hut it seems to me aigiuhle that iiltiinatel> >our maintenance cost, 
xxliich is what matter". w*iU not Ite \en much greater, and possibly xx’ill be less, 
if jou hax'c two load wajs aggregating 20 to 24 feet than it would bo 
for a 20 feet load used h\ fioth cl,x«-«cs of traflic Tliis is a suitalile subject for 
oxixeiimcnt 

Mr. R. L. Sondhi (Punjab):— Most of the suggestions in Mr. Tievor Jones’s 
paper will, I am ccitain, in due cotiisc l>c adopted on tlic aiiciial itiads all over 
the countrj" Some of the'so ma> have to be deferred on account of financial 
difficulties Those of >ou who nie picsent here will agree that this paper is a 
very useful contiibution and will help in cairjing out load improvements in 
(lifTei'cnt localities. Some of the inipiox'cmcnts suggested may bo diCficult to 
can*) out due to financial difficulties, but theie is one xxhich ilr. Tievor Jones 
lias recommended— the need for impmxetl berms — on page 31 to which I should 
like to refer. 

^Ir. Pashinim lias aheadx Ruggeslrtl that tlio way of doing this by 
stabilbing with some soii of iiiatcii.d of tlic nature of oils or other things 
whicli have been rctoimncnded foi stabilizing cartli loads may not be suitable. 
And I also think that the cost inx-oh-ed will bo high I believe that in the case 
of the experiment trietl at Gurg.ion the cost woiknl out to moie than that of 
Ixx'ing brick ballast. 

Mr. S. Basbimm: — Tliat is why 1 did not iccommond it. 

Mr. R. L. Sondhi: — I am sorry. Mr. Mitchell has suggested that we may 
hax'o some sort of i-oad on the benn which may be more suitable for motor 
traflic and leave the existing water-bound metalled surface for carts That 
again will involve so much evpendihuc that duo to financial consideration it 
will t.ake a long time before we can adopt it. Probablj the best way is to 
impro\-e our l«nns xvhich generally are in bad condition and cause a Jot of 
T .s t T„ II. .1 . • ’-tabulated as iu 

‘ ■ ’ ! • rel of the berms 

! • nal expeiience of 

Iwing w oi ked out this scheme ,of Mr. Trevor Jones, as a Sub-Divisional Officer 
lU .Iheluni, where we haxe lot of stone Iving idle and I think I was able to 
improxc quite a long stretch of road leadmg from Jbelum to Rawalpindi. That 
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Ati pnHb '.Inhiljyntion. I (.lionld tlmt conpnllv the improve- 
ment <if U-niK oiU'i>- u jiinri> fii>ld for ‘•tjihili/ftiion ol '^nil thin inorf 

t'.irth rn.ni'J which mo Kiihj<(te<i to ho'WV hiillncl.-t ,ii ! ir.lho J 

(jmti’ tiiiu'O with Mr. Ihivhiwini lint tlir of MHliili/ itiuii u-fi rii-*! to in tli« 
p:ijRT which Inno no io« iiiK:mti\L* \;iIiiL* me «tf ^oi\ Iitllo iiiio; thnt i>; to ‘=iv, 
l( \ou ‘-InliiUzo witli ‘siiino hitiiiitinons ointil-ion. \f>ii wmilil l<o -t ilnli/U!;: the 
‘-oil onK for Ji tlnio. Otu-o »| i- rut «p ii hui- no i,.<MiiH-rntivo ^.»lIIo You will 
hrivo nciticnl, juHicnl.irh in tin* Siiul, .‘iml I thinl: in llio I’nitcil 

IVoNincr--. ooitiiin cfiiuhtioii*. of s.oil whne tho Uiiii- .lU' \or\ iiini h Ix'tlci 
limn I'Nowhou', iWi'l 1 holitwo th.it it i-. <lno to itlknhint \ in tin' -oil I thinh 
llmt hv RtmlMii}! iho th('ini'*ti> of iho-o w»iU iiml rniic.vi oiiiin'^ to iojiuhIiiio it 
flM'whciouitiricmlh \im nmv f{ot wmu* iMipiirtpiiJont of l<oi ni-— .tn imiitoxcmont 
which jiivo-' tlioin irciijwnitixo Tuhie . th.il I- to . wilh tlmf i (.ini«<>.-itif.n of 
soil jou c.in at fin\ linii' when it »■» iiioi-.t icfoiin it. loll it or ilo wlntcncr \«-ii 
like with it. mill it will eel nj» ng.iin. 

At p.iyo 1 1 Tic\oi .lonre “ It would Peom wiee to ni.iintain siilo 
liackR for tlip nee of ]w‘«lc*stii.»ns. miilce. horeeiucn und unl.idt'ii Inilloek-cait-., 
etc., on either eido of the ni.iin foiiimtion". J cntiicK .n;.nt*o. Ihit unfoiln- 
natcly the land h.ie liccn fio cut up with lioirow* pit-- etc. llmt it ie now n 
mixttcr of coneidevahlc eviienditmc to leetoie it 

In tho Punjiih wheie >ou me phintin{,* tuple iitcniiPH willmut iliet 
levelling tho land you arc m.aking it moic diflicnll in future to le-doju that 
land to ^omo uvc. Cvcrjliodj. know «i that nolwnlj ii.ucK on the c.mi.igewnj , 
on tlio road which Carrie** fn«l trafTic — 1 me.m, no i>e<lo’»lijan, no jici-fion tiding 
u hor«e, will Yollnll!^lil^ ti.ucl on the c.iniagcw.i\ if he c.in get awax fioni it 
and motor tnifhc Wlieie jon ha\o g«l thi« e\li*v width I liiink u gio.it «!e.il 
of impioieinent could he cllccted hy levelling it und l)unKim{ it into use. Of 
course, >ou will have difliculty at Inulges and tul\cit« where Miinetimcs llie 
tr.vHic will have to come h.ick to the c.irri.igew .vy : hut there .ue w.tvs of nmking 
cho.vp culvetts for very llglit traffic of tho tmt. 

Thoio is one other jioint. Mi. Trevor -Tone*, said that a gooil de.il of 
obstruction is caused by the fcnciug foi all'oiost.ition juirposch. 1 would sav 
that this is only a tempoi.vry effecl which will I.ist tor two oi thiee vears, anil 
that the permanent value of nffoicslalion hv that nietliod is Ricat. ]lut in the 
plains where thcie is plentv of loom >ou should not. in wj opinion, in i\u\ 
now pl.inting plant voiu tices nc.ircr than G.> feet ucioss the lo.ul. ^^I.TlcvoV 
Jones says that 00 feet is enough. But if \ou woik it out with rea<stiu.ihle 
slopes foi lienns >ou will find that 05 feet in n few \e.\is time will not leave 
too much loom. That is mj opinion. I asked nn' aitist fileiul nf nunc to 
draw a colouicd postoi of m> conceptions of the futm-c main loids m India 
sliowing what I have been trying to desciibc~“a wa\ foi jiedestiiiins, .i c.mmge* 

wav in the middle and so foith, but I legiet that lie h.is not done it for me 

vet, so I cannot show it to 50 U 


If I may take a little moie of jour time, theic is one otlici thin« to which 
I would like to lefcr. and on wliich I feel very strongly, and that fs tliat the 
tSTe oI eml,.mtaent still pievMh mnecess.uili in lo.vd constn.otion. 
Banks aie often too high merely because someone in the diivwin" office tlunl-<? ii 
oolis piotly to uso a long straight edge to mail; the yoiil fomiation on’ the 
loiigituihnal section and to have mimv chains at a niiilonn gradient paintullv 
wntked nnt and rvii ten m as, say. 1 in 100.34 Tl.e lesnlt is (last S Tter. 
mediate points 5-on have a whoUy nnneeessanly high bank ivhich is a “asi 
oi moUBj m oontet woik and a nuiaanco in perpetuity Having reduced formation 
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level to the minimum neces«iAn’ there w no eartlilv vea«on \ou Rhould 
economiRO a few culnc fret of earth by giving the little bank Rteoii 1 to 1 side 
slopes vhicli aio expensive to iiiiintain If \ on nm your boims into yom side 
dmin<? ni ,i icnsonable slojw \ou cau often tneveaRQ the capacity of the road by 
GO po\ ceiil and \edv\cc the coRl of ma\ntoti.uKia of bank odgea for an incvoivRo iu 
the co'it of earthooik of Rav 2 jw cent 

And laRth , Ml. Tie\oi .loneR alludoR to the poRRibihtj of a dual cani.igo- 
va\ . This docR not perhapR appeal so innch in the Punjab where all the main 
loatK liavo been tavreii If \o\\ have got a 12 feet metalled load ^^bich IR nn- 
abletocain the juCRcnt daj niivedti-afTic. tbepicRent idea is giadiialh to widen 
it and to gi\c it ‘•omo Rupeiior Rtufrtcc which will earn liolli classes of ti-affic, 
and with the cvccption of cement conciete we do not know of anj smfaee in- 
trinsicallv suited to both t\pes Wc know (hut main rui faces suitahlo for motor 
tniflic are liable to ho dimiagetl l»\ bullock - cmiIs, It is a matter for iniestigation 
and e\poiimcnt whctlici it is not possible, foi the same cost of maintenance, to 
leave our metalled roads foi bullock-cails as before and to piovidc n. separ-nto 
eompamtiveh clicap load for tho fast motor tiaflic. Tlienjouwill have roads 
adapted to the tvafbc which mii\ wsc thcin. It is ;v matter for investigation and 
experiment , hut it seems to me aiguable that ultiinatelj >our maintenance cost, 
wliich IS what matteis, will not ven much greater, and possibly will bo less, 
if >011 hare two load wars aggiegating 20 to 24 feet than it would bo 
for a 20 feet load used bv l>otb classes of tiafiic This is a suitable subject for 
exiieumcnt 

Mr. R. L. Sondhl (Punjab):— ^fost of the siiggeslioos in Mr. Ti-ei or Jones’s 
paper will, I am certain, in duo coni-se be adopted on the arteiial roads all over 
the countiy Some of these ma> have to bo deferred on account of financial 
difficulties Those of >ou who aio picscnt heic will agiee that this paper is a 
very useful contribution and will help in canring out road improvements m 
diffeicnt localities Some of the impiovcmcnts suggested may bo difficult to 
can> out due to fuiaucul difficulties, but tbeio is one which Mr. Tievor Jones 
has locommcnded — the neert (or implored bciws — on page 11 to which I should 
like to lefor. 

Jlr. Pashimm has nlreadj, Kuggestctl that the waj of doing this hv 
fit.rhilizing with pome f.oit of luatciial of tho nature of oils or other things 
which have been recommended for Rtaluhnng c.\rtb roads may not bo suitable. 
And I algo think tliat (ho cost involveil will bo higli. I believe that in the case 
of the expenraent tried at Guig.ion the cost woiked out to more than that of 
Irving hiick liallast. 

Mr. B. Sashiratn:— Hint is why I did not recommend it 

Mr. R. L. Sondhi: — I am sorr>’, Mt. Mitcliell has suggested that we may 
have some sort of load on the Iicnn which may be more suitahlo for motor 
traffic and leave the existing watei-bound metalled surface for carts. That 
again will involve so much expenditure tlml due to financial consideration it 
will take a long time bofoic we can adopt it. Pi*ohal)l> tho best way is to 
improre our berms which generally are in had condition and cause a lot of 
accidents. I do not think in India we have statistics regularly tabulated as iu 
foreign countries, but most of the accidents arc due to the level of the Irerms 
which are generwUv in deterioiatwl condition. I hare j^ersorral oxperienco of 
haring woiked out this Rcbcme of ilr Trevor .Tones, as a Sitb*Divisional Officer 
at .Iheluni, wliere we liare lot of stone Iring idle and I thick I was able to 
rmprore quite a Jong stretch of road leading from Jhelum to Eawglpindi. 
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Rclienio, 1 can nfisinTO \nn, wn*; n vcr>' K)it'n)C. 1 «lo 

\\h«*t!u'i‘ it lias 1)00(1 fnlloucsl «iiijce I left Siniilar inalcriah, I mean l''» 

oven liittkon iwits fjoiii llio \iHi|;cien ntitiiiimj uIjii-Ii tlic int;ojiiiitj fi tlie man 
ill c’haiijo can tliink of ran fx* nM*«l 

1 liiuoon!> a fow wonU t<» vaj iiixml lotituIalKnil*-. At puje JH Mr- 
Ti cvoc -loiu*'* ‘!a>‘», “Tim actual fniiii timl sliafHJ has Ivon llir Mihjcct of a 
(leal of cli‘5cii‘i‘iion I^etwcon the I*olirt» ntid the rnMi'c ^\’ork‘^ Do|iaitnieiil”. I^nt 
I atn afnuVI aft ifir;totl.'tnt ]»ai{j to tNo compnanil^ »«fls left nut of con^ulisthn: 
1 mean tlio tutiKaxMiliis, and when 1 make (his rninplaint hrre, 1 do f-o on the 
loslimony (if otio (d ihcin v.h« has complaini'd that his hor^c had slipped rs a 
fusult of the cUiplical design. 1 was told (lint tho ctino nt the (Jeneral Post 
Oftico is too sharj) for horse imflic (o ncfiotmto and I hope an cfTort iull 
1 k) nmdo to get this i>oint iiuostigaled, iis. taking into consideration the numlicr 
and actual tonnago, tho tongas conlrihtito tho largest miinl»cr of \eliiclcs using 
this particular, crossing. 

Mr. P. L. Bowcr« (Jaipur) ; — I should Uko to endorse ono remark made !))• 
Mr. Mitchell and that is reganling the troatment of sldn )>cnns where the 
ix).\ds uio in low hank. In .laipur, most of our road fonnation is (crj little 
above tlio natural giound level, hut where Katiks ate neccssarj* the sides 
are not dressed to any given slope hut run llicm off into the drains. 
Anothci ixiint whicli I should like to cinjilmsiso is that more attention 
should he paid to tho liorms. In Jaipur, otcopt where tlieso aio sandy it is 
safe to run off the metalled surfaces of our roads on to tho henns at speeds 
of from 40 to 00 miles an hour and this is duo to tho Met that wo keep 
permanent gangs at work continually dressing tho licnns. 

I (piile agree with u hat Mr. Mitchell has s.vld al>out road side trees. I 
think that generally speaking ticos aro planted far too close to the centte of 
tlio road, especially wliero road surfaces are of w.aler hound macadam. Tho 
presence of tho trees close to tho roads prevents dust laised by motor traffic 
being dispeisod by tho wind and on still oveniugs, when tho light is falling— 
which is the most dangeious time for motor driving— it is frequently impossible 
to follow’ another cai at an interv’.al of loss than a niilo without taking consider- 
able risk. I am also of the opinion tliat gieater spaco between trees along the 
line of the load than is at piesent allowed is necess-arj- and to facilitate tho 
disposal of the dust they should lio nt least from 80 to 100 feet opart and 
G5 feet across the centre of the road. 

As regards eartli roads, I understand that in America experiments have 
been made with certain salts which retain moisture in the soil and have the 
effect of making the soil similar to Kalar earth. I do not know’ whether the 
Road Congress has any information on this point, but I believe that experi- 
ments with s.ilts have been made both in Sind and in parts of the Punjab and 

1 would enquiia w’liether any information on this point could be obtained. 

Mr. K. Dass Gupta : — Cbahman and Gentlemen J I welcome the sugges- 
tion of Mr. Trevor Jones of improving the berms and agree with him that 
clay berms are definitely dangerous especially during the monsoon. This is due 
to the fact that when two cars pass, one wheel of each car travels on 
the clay berm and the clay is thus carried on the smooth and wet asphalt 
or tarred load making it unusually slipperj-. In all places cheap materials 
such as broken bricks, kankar or rubbish from demolished buildings 
may bo obtained w’hich may be spread along the road for a width of 

2 feet on either side and copsolida^ by a hand roller, Subsequently the 





l)cnn may l>o given a light stirfaco Ireatment with n cutback aiplmlt and sand 
or cinders The cost of widening at tlio rale of Us 2'- jicr hundre*! squaro feet 
as given by Mr. Trevor .Tones comes to nliout Us. bOO'- jwr mile. Tlio rosl of 
giving a liglit surface treatment will 1)0 niwut Us. .'J.'jO'. Iht mile. Tims nl ii 
total cost of alwiit Us HOO - only, wo can get a Ifi feet wide road out of a 
12 feet wide road. So tlicre is no ruahon why such mctlusls alioiild not Ix) 
adoplwl. 

Mr. E A Nadinhfth (Bombay) : — 1 agreo ssitli Author when he hh>h that 
little attention is iiaid to road design in India in so far as it ufTcels tim eon- 
vcniencc. safetj and comfort of the road-iisor I gt» a step furthei uiul say that 
road design must be such as to reduce ni.iiiilciunca costs, which object could 
bo achieved if 

(1) sljort radius borirnntal curves am avoidcsl . 

(2) adequate siqicr-clcvalion ih piovidcd : 

(3) at comers gmde and vcrtic.il curves am made easy hir liaction 

particularly m i-cgioiis of Ingli nllilude rcmcmlxiring that an averogo 
combustion engine loses aliout 3 tier cent clhcicncy for each 1000 feet 
of altitude If It is too cv])cnKivc to cut down the grade, tbo 
question of widening the road mav l>c considered t.e , addition of a 
traftio lane for alow Iraflic . 

(i) tliat short sight-distances .ire eliminated and ample visibility is 
provided , 

(5) proper right of way is providetU 

(6) adequate intercepting and surface draimage arc piovidcd ; and 

(7) nonskid surfaces arc consUnctcil by avoiding excess of cementing 

material on top. 

If we do not look into these i>oints at the time of building a road n time 
will soon come when duo to increase in number and speed of vehicles, wo will 
have to stop building now milage to improve the existing milage. ^ 

Widening of metalled le/cfi/ts.— Sixteen feet carriageway for two lane 
traffic may be considered on the narrow side as when vehicles pass each oth®r 
in this narrow strip the outer tyres get off the pavement particularly where bus 
traffic is heavy or vehicles are fitted with dual tyres. This narrow width is not 
only dangerous to passing vehicles but it entails much additional cost in main- 
taining the Katcha berms. So it is a question for consideration whether 
it would not be worth our while to increase the paved width say to 22 feet or 
at least 20 feet as the extra cost m paving this additional width may to a 
certain extent be compensated by lower maintenance cost of berms. It 
would also be advisable to fix a standard width for diffeicnt lanes of traffic for 
the whole of India to preserve unifoimity. 

If river shingle is spread loose in tb ' 
by the Author, I am afniid it would 
there is bound to be some turning inov'cnr 

to pavement in a short distance while ovortakiug n car on the i).ivixl carriageway. 

The Author suggests that where Bullock -carts c.in bo oxcludeil it Is 
possible to tar directly on kunkur Hurfaccs Our lour of insiwctton has how- 
ever denionstratod that tar or Diluiuon on kuukur does not slick well and tho 
surfdM peels off soon Will tho Author ploa'io enlighten us whether his 
cxi>oricncc in Punjab is difforenl to that in the Uniteil Provinces? 



Tlio itlc.i of of IiuUock>Cdit iralQc )» an esc«lleiit one but 

looking to tlio funds uvailahlo for ro.ul woik it ^il! I>e many yc.irs l)cforo "o 
uebieve this object. 

While (Ui\ing foi niilcs and miles along n jo.nl which Ims iiig ticcs on 
either side, I have noticed that theso tices east shadows on the drhing 
surface and the alternnto light and shady jMtehes iniike diivijig \ery tiring to 
the c>e. So I may jmt it to the Congioss for f<iiisidenitlon whether it will not 
ho more advisable to iil.ant trees at Mich dif-taiice ap.irt (across Mic road*way) 
that the shadows do not roach the dining track 

Tiie autlior uKo iefei»' to the iidx.iiilnKes of shade to the life of t.ir or 
Bitumen. Bomhax experieuce ha-* pioxtsl otheiwist* On account of min th-op- 
ping continuously at the same sjwjt on the surface from tlic-c trees, it wears out 
the surface much <iiiieker 

It nm> ho inteiesUui, to note tli »L Mt Conner of Unite<l Sl.itcs Bureau of 
Public Roads recommends the following foiiiiul.i forioad widening on curves : — 

W - N (H - L") + 


W = Total widening in feet 
X = Jxo. of tratlic Lancs 
R*Eadiu8 in feet. 

X,= '\Vheel*baso in feet. (*20 feet recommended) 

V“Spoed in miles, per houi. 

The first pait of the foimula rcpi-cscnu the cMm width occupied by a 
vehicle on a cuiTC and the second part allows for the dilliculty of keeping a 
vehicle in the centre of the Lane. Widening is added in tlio Inside of a cun-c. 

/ It is stated in the pajier that a tmllic island is usually circular and with 
a tadius of at least 80 feet. 

My experience iu Bombay in la\ ing out twftic loundahouts is quite dif- 
ferent from what is stated here The islands aic move of some other form 
than a circle as the shape of an island cntiielv depends upon the junction and 
the angles at which diffoient loads meet Beside-^ witli the majoritj of j’unction-! 
In a city theie is not enough loom foi a jouiidaljout of 80 feet mdius. 

Mr. Trevor Jones (Author).—! am ver\ much gratified that my papci- has 
caused so much interest and I will endeavoiii to ansxxer some of the questions 
put forth. 

Mr. Bashiram has mentioned the unsuitability of hiick kerbs to taiTed 
surfaces. One of the difficulties of tarred isurfaccs. especially in the north of 
the Pimj’ab, is that the edges aro frequently biokcn aw a\ and may be a cause 
of accident when a vehicle p.isse5 fiom the metalled load to the berm. To 
some extent I leel that a kcib does> prevent this, especially if you can back it 
up by some form of “pushta” of rough metalling. 

As regai-ds the stabilization of soil, it must be confessed that it is very 
much in its infancy’. 

I think Mr. Bower* suggested the addition of ’•alt. In the Punjab wo 
have got Dr. McKenzie Tax lor, who ia Director of the Irrigation Reseaich and 
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a renowned soil physicist. He is at present analysing tj^ical samples of soil 
from tho Punjab as a preliminary to practical experiments. We are looking 
into tho use of sodium carbonate ami silicate of soda and common salt as is done 
in America, as it is hoped that such practice ma> be adopted for the stabilization 
of berms and Katcha roads. 

Mr. Bashiram’s remarks about the success of the provision of studs to 
segregate traffic on hill roads are of great interest. Nevertheless such studs 
have to ho verj’ carefully maintained and it is intei'esting to note that wo havo 
had a certain amount of complaints fioin the Automohilo Association of 
Northern India as to their danger, possibly for tho icason that these studs 
were placed at verj’ narrow comers and did not provide sufficient caiTiagcway. 

As regards the lemarks at tho end of my paper that loads do not givo 
an assessable return, what I meant to convey was that wo can keep no profit 
and loss accounts of their construction and upkeep. I think there is no doubt 
about their benefit to tho community, but wo cannot express any benefit which 
may accrue to Government as in tho case of Irrigation works, in so much 
hard cash. 

Mr. Mitchell has rather accused mo of inconsistency in that I stated 
that tho Indian Boad was a hastily begotten child and that later on I referred 
to tho old days when thero were loads sufficiently grandly planned to admit 
of at least three tracks. Of course I had not in mind tho early days of 
road planning before tho ora of Railways when I made the first remark. There 
is no doubt that when tho road was the only means of communication in tho 
early days of British rule, a groat deal of foiethought for the future was 
practised and in the Grand Trunk Boad and others wc liavo a great and noblo 
heritage. 

Mr. Mitchell was not impressed with my objections to roadsido fencing 
as he said that the land was excluded from the public for a ver>’ shoit time, 
only 2 or 3 years. Tho point that I would like to emphasiso is that if you 
onclose these areas which are frequently in use by pedestrians, animals and 
bullock-carts off the main formation, you destroy tho habit of their use and 
it takes a great deal of example or force to got them to use it again when tho 
fence is removed. 

1 agree that the planting of trees should be 65 feet apart. It will bo 
an excellent idea from tho point of road safety. The 25 feet from tho centre 
line is a compromiso mado to fit in with tho existing scheme of things, tho 
road formation being 32 feet from the road centre. This arrangement at least 
ensures that the troo is well down beyond tho toe of tho formation. 

I think wo aro alivo to Mr Mitchell’s criticisms about tho road formation 
being banked Uko railway embankments. Most of our new road designs provide 
for slopes to bo carried down from tho edgo of metalling to .tho side drain. 

I was sure Mr. Sondhi would appreciate my remarks about borms. Ho 
Was a groat “scroungor" of sparo metal lying alongside tho Grand Trunk Road 
in tho Jholum District when he was my Sub-Divisional Officer some years ago 
and tho excellent state of tho berms today will testify to his activity. 

Tho roundalwut near tho General Post Offico at Lahore was admittedly 
an experiment and it is a very difficult placo on which to site such a work. 

I am afraid however tho tonga was not considered in designing tbo cur\’Oi but 
tho tarred road surtaco being slippery for horaes it is just as well that tho 
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exorcise tho caro cleman^c<l of tlio motorist in ncsotialing 

tho romulabout. 

Mr. Das«; Gupta’s suggestions are umloubtcdly verj- sound Tho only 
rc.illv succc^jsful poliition for l>cn«s is to nlx>Ii«5h tJicm by metalling but 
unfortunately that will cost money. You may improve Ijorms but you must not 
spend money on them. 

I am in full agreement with Mr. Nadirshah alx>ut super-elevation, a 
matter which has been much neglectetl in the past. The questions of cun'cs, 
8npor-clc\ation, gradients, etc., are of the utmost imi>ortance in road iirojccts, 
c'-jwcially in tho hill countrj- and this has undoubtedly been neglected by us in 
recent j cars. M'hat this shows is that for all road projects we must have 
proper sun-ex** In the past sun-exs for road projects have been done by the 
existing btafT when llicy hax-o suflicient tune a\-nilable. Consequently this 
asi>cct of tho i-oad project has not rcccive<l the consideration it deson'cs and 
tho best alignments, cun-es. etc., hax-o not nlw-ays been achieved. 

I agree that IG feet is not ideal but it is given in my paper as most of tho 
ro.xds in tho N. M’. F P. are IG feet and it is possible for txvo cars to pass each 
other slowly without using tho berms 

As i-eg.xrds tarring on kankar. I must admit I have had no great experience 
of it. but I haxc been told on good authority that tlic failures which occur are 
not through xxant of cohesion of the txxo materials but from the devastating 
action of tho bullock-c.art. 

Chairmau —I join scxcial oihcrs in congratul.iting Mr. Trevor Jones on 
hib most valuable paper an<l the discussion which it lias stimulated. However, 
as wc have got onix one houi left for tho next pajicr which is a controversiai 
one, I think xvo had better leax-o it at that. 



CllAlRirAN : — Rai Bahadur Clilmttan till, (Retired Chief Ensineer, 
United Piovinccs). 

Chairman:— I call upon Jfr. Dean to intioducc his papei. 

The following Paper v,ns then taken as read. 

V Pa))cr No. 31. 

FURTHER NOTES ON TREATMENT OF ROADS WITH BITUMEN 
AND TAR IN DELHI PROVINCE 

[Hife Pioceedmgs oj the Imhan lioadi Congtess of Decemha 1934, 
prtfffs 21 ‘5l]. 

BY 

A. IT. S. Dean, M.C., I S H., SupcnnUndtng Engmee}, Cential Public 
Dfpattment, Eetc Delhi. 


I append a tabular statement giving details of all the road suifaco treat- 
ments inentionoil in the original pajvii and have also included a few others, 

The general evpeucnco of Delhi Pro%'ince may lie summarised as follows 

1. Tni — Tar has definitely provctl unsatisfactory’, except tlie use of a high 
penetration tar as a first coat on water-bound macadam The best use for 
this has been found to be painting it at the rate of 44 pounds per hundred st^uare 
feet using 4 cubic feet of 3/8" Delhi Quartzite grit per hundred square feet 
This has to bo applied about three months after the surface of the water-bound 
road has been renenod, that is to say, when all the blinding lias been worn off 
by traffic. Six months or more after the application of the tar, an application of n 
hot bitumen, e jf., Spramox, or Socony, at the rate of about 25 pounds per 
hundred square feet with 4 cubic feet of 3/8" grit, has been found to give a vciy 
satisfactory’ surface for roads carrying mixed traffic up to 150 tons per yard 
width per day. l" tar carpet, and 24" tar carpet, water-bound tar Premix and 
mixtures of tar and bitumen, have all proved more or less unsatisfactory and are 
not recommended for further use 

2. Emulsions . — On the whole emulsions have not been found particularly 
successful either for painting, oi for built-up carpets, e.g., 14" Armour coats, 
or lor Premix 1" cari>cts. The most successful use of an emulsion for the 
initial treatment of a road has been Bitumuls .Armour coat 14". For use on a 
road which has some pot holes and where it is desired, to avoid the expense of 
renewing the whole surfaco by water-bound macadam before giving a bitumen 
treatment this is quite satisfactory. Another use for emulsions, and this in my 
opinion is the most useful field for their use, is for patch repairs. Tlio facility 
with which emulsions can be carted about and used in small quantities with- 
out elaborate apparatus makes them particularly suitable for this work. Of the 
various types used Bitumuls and Colade have given the best results. Tliis 
facility in use is also present in the case of certain cut-back bitumens eg., 
Socofix and Socofalt but our experience with these up-to-date is insufficient for 
a report. They have a higher bitumen content than emulsions and would 
appear to present several useful features. 



H. Cnrffl* — riU'.MlX CAnrr.TS. The«o Imve Iwn l.iid 1", and 21"' 
ihicV. Tho onl\ Jv.xl the 2*“. It in iny opinion dofinito 

that la>init a caiivl tnon of tho inaxinnmi thicVncss |4 no cure \\Ii.\tevcr for a 
road with iK->t iiolos .nid otlier invitulnrilics on the ‘>nrfiico I’mlfr tninic tho 
cArjvt 101111*1 to n.'im'ihico m iU Mirface all tins dopi\*<'«n>n'; which wcro in the 
oiTMual Mirf.ice. It is thotvfore. essential to h> «nch caqiot'! on a ro.ul which 
is ahvadv, or is hronght to. a smooth suifice. I Ihmk that the l" carivt with 
hitnnicn laid hot would lie quite s.\nsf4ctor\ if traftic could 1« confincxl to ruhlier 
t>ml\chiclcs This is not, howo\er, |K>ssihlo. and the result tif iron tvre<l 
IratVic is cutting of the snifaco and derunnation. 

A 'dV'Slielcix'te cariict was ludjust tner d >cai-s ago on the Hamilton 
Koad. This canics ixvrticularlx hcu> trallic of all kinds and has stood up 
roniarkahly well. Another imiionAnt iioint with reg.ml to cainvts is that these 
are csscniialK seH*sealing under tnvfticand miiiiru a definite tnininunn intensity 
of tn\flic to giae their l*cst service. A c.\rpct Itid .s}x>ctall\ with a low |>;nctra* 
tion hitmnen where traffic is not snfficientlx he.a\\ w^^ show signs of cracking — 
indiscriminate xiso of such c.artiets is undouhtedh wasteful 

4. Conere/e These have l>cen bid for such a short ivriod that 

no indiextion of their life is i»ossi|,ie. The surface is \cr> s.alisfactoi-> for 
mixoiUraffic. and ivirticulailv for he.\\il> l.ulen hulhxk carts The huilocks 
apix'.vr to get a K'ticr grip than the% do on a hitmncn surface, and hence 
their tractive effort for a goon K^nl is less Tlie constniction of a road to 
carra* hea\T Jidxcsl traffic wiiii O wide cement concrete strips on either «ide 
of a IG' width surbcotl with of Shelcrete or similar ixirjiet wouM apjicar 
to Iw the Ix'st we ha\e stnuk If Ksido^l cart irafTic is almost all in one 
direction, one concrete strip would l*e sulficicm 

TraeV ir<n/«.— In conciete these proicxl entirely successful. Serious 
deformation has occurrcsl in the hnumen c.tri'et insets and this form of 
constniction is not recoimuendeil In the tar c.ir]x-t iuscts this h.as been even 
worse. Some slight difTicultx has l>ecn found with exivtnsjnn joints. It is 
essential that these should l>o kept cle.\r of all h.tnl material. 

It is ver\ desirable to maintain the c.mh ro.id lx?tween and on cither side 
of the trick ways sjieci.alh in the hot we.tther; n small gang is necss.\r\ 
for this. 
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DISCUSSIONS ON PAPEH No. HI. 

Mr. A. VT H. Dean (Author) : — I have no introductorj’ remarlcj to make, 
but I want to say that this paper was written at the instance of ilr. Jlitchell 
who said that having written the earlier pper in 1934 I ought to g^^e some 

notes as to how the various surfaces which were then descni)ed and 8ho^\^ to 

you who were at the first Roads Congress at Delhi had stood up in the inter\ ru- 
ing two years and three months, I have merely tried to tabulate mj own 
impression of how these roads now are. I am unfortunately not in charge of 
roads at the moment, so I have not been able, in consequence, to get quite so 
much information about them and refer to details in quite the way I would 
otherwise have been able to. I am afraid there may be some mistakes in 
correlating the figures I gave last time and the figures I have given this time 
on that account. I may also say that I have perhaps been a little sweeping in 
some of the things I have said. I did not appreciate that, hut I thought it was 
quite understood that my remarks rcferrcil to the actual roads in Delhi under 
Delhi conditions. 

Mr. B. Rashiram (Punjab)* — Mr. Chairman and gentlemen, I take it that 
what Mr. Dean means by “high penetration tar" in para 1 of liis paper is tar 

No. 1. I have not seen mentioned anywhere in this paper or in the previous 

paper referred to whether tar No. 2 was actually used in Delhi or not. In Delhi 
the first coat of tar is given, so Mr. Dean sa>s. throe months after the surface 
has been renewed. In the Punjab it is our practice to put on tar as soon as the 
consolidation has dried , this takes about 15 days to a month. Wo also find 
that it is extremely easy to brush off tho blinding. Our blinding consists 
gonerally of earth and not of moorum and we find that to make tar painting a 
success, It is absolutely essential that the surface below, tur., the water-bound 
macadam, must be well consolidated and tho top sufficiently cleaned to allow of 
penetration. ?«Iy beat m my own area takes me sometimes across the border 
into Delhi Province and certainly our ideas in tho Punjab about consolidation 
are somewhat different, if I may respectfully say so, from those that seem to 
prevail there. From the Punjab point of view the consolidation there is not 
quite so good as it can be or should be. There is too much mur or moorum 
used and you really get a sort of plum pudding. May I suggest that this failure 
of tar in Delhi is possibly due to unsatisfactory consolidation and insufficient 
penetration ? 

At no place in this paper has mention been made of the temperature to 
which the tar was heated, and that is a very vital point indeed, as overheated 
tar fails quickly and I suggest that you cannot be too careful about this over- 
heating. In my own circle there are instructions that the temperature should 
not exceed (on paper only) 200° F. During one of my tours, although the 
Road Inspector said he knew of this order, when I took the temperature 
myself I found that it was actually 245°, Now there are various difficulties in 
taking this temperature. One of them, as you know, is the fumes that come 
up and prevent you from taking your eyes verj' close to tho utensil in which tar 
is heated. Also there are not, at least I have not come across them, any 
satisfactory thermometers. I was suggesting this morning to my friend, Colonel 
Sopwith, that in the interests of his material he should try to get out a ther- 
mometer with a broad mercury thread such as we see in the small clinical 
thermometer which starts at 95°. I suggest that our thermometer should st.irt 
at 150° ;uitnbly 

coloured j know 

at once r . . 
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reply in the discussion on his Paper No. 1*A rei3 in 1931 (Proceedings of the 
Inangural Indian R^ods Congress, 1934). As tat painted roads elsewhere are 
successfully standing up to traffic of much greater intensity than this (for 
instance the traffic on the Inhore Lyallpur road vanes from 278 to 352 tons) 
the causa of the less fortunate experience in Delhi is vrorth careful investigation 
and analysis. I do not doubt that investigation has been made but I suggest 
that the paper, which tends to lay the blame for partially unsatisfactorj* results 
on the various binders, would have had it'e value enhanced by embodying in it 
the results. Similarly thin and thick carpets are noted as more or less 
unsatisfactory and the author makes a recommendatiou against their further 
use. I presume that this Tocommendation is only intended to apply to the 
restricted locality of Delhi since experience with these methods of treatment has 
been more fortunate elsewhere. 

To quote ilr. Brown’s remarks during the discussion on Papers 2,o(a), 
5 (b) and G read at the Inaugural Indian Roads Congress in 1934. 

“We are perhaps inclined to forget that it is the stone which carries the 
traffic and that when we discuss the failnre of surface dressings, we ate apt to 
blame the dressing when very' often we ahoold blame the stone base/’ 

Most of us I think are aw.ire that some at least of the Delhi stones though 
hard are brittle and have a definite tendency to crush under loller or traffic, ab 
though in some parts of the Punjab, Delhi stone painted with tar is used with 
better results than apparently Delhi has experienced. It does, however, lead to 
a considerable quantity of moorum or earth binder being used during consolida- 
tion and we would welcome a statement (com the author giving the qnantlty of 
earth hinder and also the rate of consohdation per day laid down in the Delhi 
specifications, since thorough consolidation and interlocking of metal are of much 
importance in obtaining the best results. 

I have personally investigated portions of thick tar carpets that hare formed 
into potholes and found that in some instances the stone underneath had crushed 
into powder and in others that the ground was waterlogged and sinking had occur- 
red. As soon as a crack ever appears dust enters, the tar absorbs it and break-up 
starts Faced as we are by imperfect grading since only band broken metal is 
available, the machinery (or breaking to exact grading being usually too expensive 
except for very extensive work, there is no question that the voids between pie- 
ces of stone metal are not always completely filled and full lateral and vertical 
support is consequently absent. I dealt with this point in Paper No. 20 read 
at the Second Indian Roads Congress, Bangalore, 1936. It seems, therefore, 
thut^ for Delhi conditions some other form of construction is desirable, when 
making Premix carpets and oxkensivo experiment and research into using sand 
with the metal to overcome this difficoUy has resulted in the production of 
greatly improved carpets But perhaps the best of all, where conditions of traffic 
necessitate something more elaborate than tar painting, is Tar Fitch Grout which 
will carry extremely heavy traffic and shows no tendency to wave. 

I have dealt above with the difficulty that brittle stone produces but where 
bard tough stone is found and crushing does not take place Premis carpets show 
none of the defects which have been found in Delhi and carpets mado of tough 
stone have been completely succcssfol in many other parts of India. 

For economic reasons I personally am an advocate of tar paintiog and if 
Delhi stone by roason of its brittleness docs not lend itself to the formation of a 
road really suited to painting, I suggest cousidoration of substltutiog broken well . 
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burnt brick for Ibo stone. Tliis can Lo ecoDomic.'iUy burnt specially in ctamp 
kilns cind uoultl <lo away as experience bus shown with the difficulty now expo- 
licnccd of bavinfl to uso an excessive quantity of e.artb binder which lessens the 
nonclr.ation of the first co.at of tar nnd^I c.annot too strongly emphasize the im- 

' lad. In passing I should 
■ consolidation the better 
s dried out which may bo 

Irom 4 to 21 days and only rn uvcupiiunai eiicuinsvimces should it he more than 
ono month Tho author writes of three months ns the period between consoli- 
dation and tarring by which time the blinding has been worn off by traffic, but 
I respectfully beg to differ from this dictum and to say tiiat if possible no blind- 
in'* Vhould bo used or, if it is essentia! by reason of the quality of tho stone, the 
mrnimum amount and that only of loam should be utilised The quicker the 
tar is applied tho less time is thoro for deterioration of the metal, which traffic 
sots in motion, to inoccca 

For Promix carpets too, broken brick is eminently suitable but naturally 
tho greatest care must be taken that no under-burnt material is incorporated. 

The author has kindly informed mo that the only two roads on which tar 
Ins been applied as a second coat instead of bitumen aro .-Mbuquoiquo Eoad 
and tho Pidgo Boad. The former is not an important road and when painted 
h.ad a gravel surface of some age It was not ically suitable for painting but 
since tho traffic was small and mostly motor it seemed worth risking it. The 
llulgo road's second coat I inspected .a few* days ago I cannot claim it as an 
advertisement. lo many places it shows a bad appearance and undoubtedly 
tar has been burnt by the coQtiacloj while there aro definite indications that 
intornal movemeut of tho stoDO has taken place due to insnllicient penotration 
by tho first coat. Extensive expcrieoco clsowhcro has shown that tar painted 
roads, fiiren good interlocking metal and correct application of binder give a 
very definito saving m maintenance cost which can be applied towards the im- 
provement of further lengths of road and I submit that only by this application 
of savings to decreasing the length of untreated roads can largo scale rapid im- 
provement be attained. It is tho unlieated roads that eat up money if they are 
to be kept in good condition, and as sufficient money is not available a deplor- 
able condition auses which entails groat loss to the road user. 

Mr K Q Mitchell (Government of India):— I would liko to say on behalf 
of tho Congiess management that I am very much obliged to Mr. Dean for 
having taken tho trouble to compile his paper. I think it is important that 
there should be a continuity in the i>apers which are presented to the Congress 
otherwise we aro apt to forget and bo unable to recall after two or three years 
tho things we discussed before. I do not propose to enter into the somewhat 
controversial subject of why tar has not been so successful in Delhi as it has 
boon elsewhere, under comparable traffic between the Delhi and neighbouring 
-roads. But I think probably, as Col. Sopwith has said, it is duo to something 
in the stone. It might bo of interest to the Congress to know that the Tecbni- 
Sub-Committcc, which is considering the scheme of testa to be made on the 


whethej the results in practice are "the same as given by the machine 1 cannot 
particnlar hobby hoi-sc and 1 would like to 
bnk ono of tho Paper in which the w-riler 
says "In concrete those pioved entire^ 
successtul . Ho icports serious defects in the bitumen and tar Carpet insets. 
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The more I consider the problem of improving unmetalled roads to carry the 
ever-increasing buUock-cait trafTie the more certain 1 feel that little or nothing 
that can bo done to the soil will enable it to bear the weight of heavy bullock- 
carts. There is not enough inonoy m the world to metal tho roads which are 
at present unmetalled and which are cut into deep ruts by these c.arts. I havo 
recently had a look at tho track-ways in the Punjab and also thoso which Mr. 
Dean has mentioned. I am certain that something on thoso lines is tho only 
solution. We are going to investigate and have made arrangement for rescaich 
into tho qualities of soil. Hut this will only carry us to a certain distance I 
do not think any financial aiT.rngeniont you can concoive of is going to enable 
you to maintain double tho existing milage of metalled roads. If these track- 
ways are successful our unmetalled roads can for all ordinary intents and 
purposes, be kept up at a cost of Its 100 to 200 per mile a year and can be kept 
m fairly good condition, satisfactorj' for the purpose That seems to be one 
possible solution, and I would quite definitely recommend it to every body lind 
ever^’ province to try and see how it works 

Mr. Q B Vaswani (Sind) : — Mr. President and Gentlemen — I want to 
give you some more information about the use of emulsions. 

In Karachi, tho stieets m Old Town Quarter wore originally provided 
with stone pavement set in lime mortar cement pointed on foundation of dry 
broken metal 6 inches m depth So long as the streets ^YCle narrow, tliera 
was only pedestrUn traffic on. them along with light traffic of hand carts. As 
soon as the Municipality acquired land and widened the streets, they have 
been subjected to heavy motor lorry traffic loaded with stone, broken metal and 
gravel for the construction of buildings. This has resulted in breaking up the 
cement concrete at the joints, as a result of the movement produced in the 
stones due to unevenness of the bed. The stones were pointed once again with 
cement mortar but within a short time, the pointing gave way and therefore a 
substitute had to be found out to replace tho cement pointing. 

The mixture of Socony Emulsion No. 3 with sand in the proportion of 
about 7 pounds of Emulsion per one cubic foot of sand was made and filled in 
the joints after raking and giving a coat of Emulsion. This method proved 
successful and gave satisfactory results and it is now' being used wholesale for 
repairs ol stone pavement. 

In cases of depression and unevenness in the stone pavement, the stones 
are given a dab coat with Emulsion and the above mixture of Emulsion and 
sand is spread over it to make up for the unevenness and this has also been 
found very successful and it has resulted in saving cost of stone repairs 
by 70 per cent. 

The cost of cement pointing is Bs. il- per 100 square feet whereas the cost 
of Emulsion pointing is about one rupee per 100 square feet. 

2. In the Elphinstone Street of Karachi the footpaths were provided 
with stone pavement and on accoont of age and traffic had become most 
uneven. It was proposed to renew the footpaths with cement concrete which 
would havo cost the Corporation about Bs. 15/- per 100 square feet plus tho 
charges for the removal of the stone pavement Here again the mixture of sand 
and emulsion was applied in about A inch to } inch thickness to cover up the 
unevenness after p.\inting the stones with a coat of emulsion. The footpath 
was Tolled with hand roller and closed to traffic for 21 boars This entirely 
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clmnged tljo uppcaranco of tlio footpatli from stone pavement to asphalt and it 
has been standing uoll for tlio last two years. 

3 In this Corporation, it was n problotn how to make cheap roads to 
stand heavy traflic. In Karachi wo liavo got camol-carts wliicli carry about 32 
maunds of load and hullock-carts with iron tyres and they tear away sutfaco 
painted roads within six months time. 

I made an CTperiment with promtx using gravel and sand mixed with 
Socony Emulsion and laying it in 1 inch thickness over the load. This did not 
urovo so successful at first, hecawso tho thickness was not sufiictent, and it went 
into coirugation on account of rmindness of tho gravel. Therefore, another 
experiment was made with promix li inches thick in which one part of 
chip, lings, two pails of gravel, two paits of sand and 2.7 gallons of .Socony 
Eniulston wero used. In this caso, the surface wiis fust giicn ti coat of Emul- 
sion and then the ahovo mixture was placed to a tluclness of l3 inches and 

consolidated with a linnd roller to 1 5 inches. Tho road was closed to traflic 
for about five dayw and then a heavy roller was passed over tho surface and 
then tho road was open to traflic. This has proved very successful on 
Lakhniidas Stieot, Grant Road Rundor Road etc The cost of this mixture 
works out to aunas 6 to 10 \vit square yard and I consider it to ho the 
cho.ipcst method of coustuiction for modenatcly lieavy traflic. 

We have in Karachi HO miles of roads and the Budget provision for 
asphalting now ro.ads and ttio maintenance of the existing roads is about 
Rs. 80,000'-. Most of tlio roads are surface painted and I find tlint by adopting 
cheap methods wo lu^e been able to maintain ro.ids in jiroper condition. 

Ur. Bean (Author) — Mr Chairman and Gentlemen, first of all I feel after 
what Mr. Bashiram and Mi Sondhi have had to say that I must disclaim tho 
position of an advocate They adopted the line of being tar advocates, bub I 
was merely repotting the results of luy experience I am not an advocate for 
either tar, concrete or bitumen, but 1 merely ga\o notes of my observation of 
tho results of tar under Delhi conditions. With regard to tho first question which 
Mr. Bashiram raised, we have used No 1 and No. 2 tars'— No 1 for first coat 
nnd No. 2 for second coat. In fact wo have been guided — as I think most 
Public Works Department, Municipal and State engineers are always guided— 
by tho specifications put out by the people who sell these materials, and thus 
as closely as our org.inisation and our staff permitted we have kept to tho 
specifications which were saggeslod. From the point of view of my early 
experience in the Central Provinces I rather agree with tho suggestion that 
consolidation as practised in Delhi — I mean water bound consolidation — is not 
to a perfect standard. We do not do any appreciable amount of dry rolling as 
is done with the tough black basalt and with the hard blue lime-stone and 
other similar stones found in the Central Provinces It had been my 
practice in the p<ist to send a 12 or 10 ton roller for about 10 or 12 or even more 
runs up and down the road over tho dry broken stone before any blinding or 
watering was done at all so as to got proper interlocking. If that is attempted 
on the brittle quaitzite stone of Delhi it is certain that a much too largo a pro- 
portion will bo crushed and reduced to such a small size that it will not stand 
up long as a road after you have finished off tho w’ork So the system that had 
been adopted long before I carao to Delhi and which I have followed is to 
consolidate with water and a certain amount of blinding definitely from the 
beginning Tho actual quantity of blinding we are using is one part blinding 
to 7} parts of broken stone — 450 cubic feet of blinding is used for one furlong, 
when we are consolidating a layer of 4i inches of metal on a 12 feet road. ^Vo 
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have been following this method where we had a water-bound surface as our 
final aim and have continued it. Now we add a jiaint coat of tar or bitumen. 
W'e use what I think is known to most of you as a verj* tough and very sticks- 
red bajri or moorum. That yroduccR a verj- liard surface. \S’o leave it for some 
time after water bound consolidation before any foim of tar or bitumen surfacing 
is done. It is almost innioRSiblo to brush that oft with a wire brush. At the 
suggestion of Col. Sopwith wo used last >ear a certain amount of clay which he 
had described as loam as our consolidating matenal This brushes off much more 
quickly. Using this material we will follow up our consolidation with our first 
coat of tar or bitumen more quickly in future. 

Mr. Bashiram said that ho found no mention of tar No 2 being used in 
Delhi in the paper. I have not mentioned it in the paper because the paper 
merely notes on those siiecifications described caiher But we have done two 
coats of tar work on two ro.ids which I have mcritioned to Col Sopwith The 
reference to Rs. G per 100 square feet is the cost of two coat work. In the 
first item of my schedule I have explained it U you read the details given in 
column 1, yon will sea that the two coat woik was done with Chandigarh ballast. 
I think this Rs. G per hundred square feet is not an excessive cost for two coat 
work include as it does the cost of bringing the Chandigarh ballast by rail from a 
considerable distance Incidentally, I think this disposes of, to a considerable 
extent, the theory that the Delhi Quailzito is entirely responsible for some of 
the failures. Failure also occuned with Tar when using this expensive imported 
stone. There is one more point which I should mention It is the comparison 
between the Delhi roads and roads radiating from Delhi. The condition of 
these ^roads has been adversely compared with the condition of the same loads u 
few miles inside, say, the Punjab or the U. P. border. The fact is that llio 
traffic intensity varies very rapidly. Theie was a very clear instance of this in 
some figures we got for a road we went over a couple of days ago. The inten- 
sity of traffic trails oft very rapidly as the toad gets fuither from the centre of 
the town. We find in Delhi that every branch of a road that radiates from it 
takes away quite a large tonnage from our tralhc dansity, and that I think may 
well explain why other roads 16 to 20 miles fiom Delhi can be well maintained 
by a specification much cheaper and much lighter than one necessary within 5 
miles of Delhi. 


Mr. Sondhi has given me almost an Accountant General’s audit 
note on my paper. Frankly I can no more answer ii standing here than I 
could answer an Accountant General’s audit note on divisional accounts. I am 
arai one pmnt is definite that I did not attend the Second Indian Roads 
on^ess at Bangalore, and 1 am afraid 1 have been so remiss as not ot have read 
ml Its proceedings. I will, if I can have it put up to me, recast the figures 
P^per goes to print in the proceedings so as to make them fit in 
^hat bad been pointed out to me earlier, I 

might have corrected mj- figures. 


^ ‘^h regard to light traffic, I mean 150 tons per yard width of mixed 
traffic, naturally if it is only motor traffic the amount of traffic classed as 
light 'yould be higher, but we do not get that condition in most places in India. 
I d(m t follow Col. Sopwith's remark about "only being 50 tons per yard 
width per day of bullock-cart traflic”. It was npparentlj a reference to mv own 
note earlier in which I said something about the proportion of bullock-cart 
traffic. In Delhi, roads take very much more tonnage as they carry heavy 
bulloct-cart and motor traffic. The particular roads under reference are the 
Roiitak Road and the Muttra Road, both of which carry heavy traffic ' 
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changed the appearance of the footpath from stone pavement to asphalt and it 
has been standing well for the last two years. 

3. In this Corporation, it w’as a problem how to make cheap roads to 
stand heavy trallio. In Karachi wo have got camel-carts which carry about 32 
inaunds of load and bullock-carts with iron tyres and they tear away surface 
painted roads within six months time. 

I made an exporiment with promi.x using gravel and sand mixed with 
Socony Etnuhion and laying it in 1 inch thickness over the road. This did not 
prove so successful at first, because the thickness was not sufficient, and it went 
into coirugation on account of rnundness of the gravel. Therefore, another 
experiment was made witli premix inches thick in ^^llIch one part of 
chippings, t^^o parts of gravel, two parts of sand and 2,7 gallons of Soconv 
Emulsion were used. In this case, the surface was first given a coat of Emul- 
sion and then the above mixture avas placed to a thickness of H inches and 
consolidated with a hand roller to inches. The road was closed to traflic 
for about five days and tlien a heavy roller was passed over the surface and 
then the road was open to traffic. This has proved very successful on 
Lakhraidas Street, Grant Road. Bunder Road etc. The cost of this mixture 
works out to annas 8 to 10 per square yard and I consider it to he the 
cheapest method of construction for moderately heavy traffic. 

We have in Karachi 140 miles of loads and the Budget provision for 
asphalting new roads and the maintenance of the existing roads is about 
Rs 80,000/-. Most of the roads arc surface painted and I find that hy adopting 
cheap methods wo have been able to maintain roads in proper condition. 


Ur. Dean (Author) : — Mr ChairmaQ and Gentlemen, first of all I feel after 
what Mr. Bashiram and Mr. Sondbt have had to say that I must disclaim the 
position of an advocate. They adopted the line of being tar advocates, but I 
was merely reporting the results of my experience I am not an advocate for 
either tar, concrete or bitumen, but I merely gave notes of my observation of 
the results of tar under Delhi conditions. With regard to the first question which 
Mr Bashiram raised, we have used No 1 and No. 2 tars' — No 1 for first coat 
and No 2 for second coat. In fact we have been guided — as I think most 
Public Works Department, Municipal and State engineers are always guided— 
by the specifications put out by the people who sell these materials, and thus 
as closely as our org.misation and our staff permitted we have kept to the 
specifications which were suggested. From the point of view of my early 
experience in the Central Provinces I rather agree with the suggestion that 
consolidation as practised in Delhi — I mean water bound consolidation — is not 
to a perfect standard. We do not do any appreciable amount of dry rolling as 
is done with the tough black basalt and with the hard blue Hme-stone and 
other similar stones found in the Central Provinces It had been my 
practice in the past to send a 12 or 10 ton roller for about 10 or 12 or even more 
runs up and down the road over the dry broken stone before any blinding or 
watmng Was done at all so as to get proper interlocking. If that is attempted 
on the brittle quaitzite stone of Delhi it is certain that a much too large a pro- 
portion will bo crushed and reduced to soch a small size that it will not stand 
up ong as a road after you have finished off the work So the system that had 
long before I came to Delhi and which I have followed is to 
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bulIocV-cart® loailed with l)rick> T m^v s,-\> with regurtl to the grading of 
«;tone?. n point whicli Col. hopwiih ecopliasircd, that wo have attempted in 
Delhi verj' careful grading — first screening tho whole stono into 3 or 4 grades 
and then mining them aftcrw.inds in cert-ain proportions. This adds enor- 
jiiously to the cxj'onditure .\s far ns I could judge it did not add verj- 
materially to tho life of the c.ir|ict. It was .atteniptftl with considerable care 
in order to get projvrly graded material. Wo tried to get the best possible 
gr.ading of stone .\t the Inaugural Indian Roads Congress I strongK 
advocated the ii«e of sand as I found it successful in Delhi. There is no 
doubt in my mind that .a hitumen or tar concrete requires sand just as a 
cement ecncrelo does It makes a reallr dense job of the mixture 

With regard to traekwajs I do not knon if any of joti went over them 
when^ou were at Delhi this time I ilimk it is really noteworthy how 
successful they have been cn a short length d niihvay feeder road This length 
carries quite heivv trafl'c It is obvious that quite hea\y bullock-cart traffic 
was carried throughout the meusoon last year without any pcreptibla 
dircunition. I don’t think the scheme of filling a slight depression in such 
tracks with any form of bitumen or lar fill i« practicable The bullock-cart 
wheel cuts through ar,\ such fill absolutely at once. We found serious 
deformation within a fortnight, aud in rrost of them nothing was left. Straight 
forward cement ccuorete tracks have been a ver>- definite succeis. 

Kai Bahadur Chhuttaa Lai (Chairman): — Gentlemen, it is not necessary 
for me to summanse the discussion on this paj'er. You bare heard Mr. Dean's 
able remarks and also other sj'eakers Most of the disenssien has centred on 
the extwrionee of tar in Delui rrovmee. There is no doubt that the general 
cxi'erienee of Delhi Province with regard to tar does not conform with* the 
expeiienee of the ITmted Piovinces orthe Punjab Of course, so far as the 
United Provinces aie concerned we hare still an open mind We do not say 
that tar as a painting material is vrlicUv onsatisfactory In fact, opinion is now 
veering round to the other side, and it is believed that at certain stages, 
especially in the initial 5t.ages. tar is likelv to serve very good purpose. 

There 15 one remark tint Mr De.aQ has made as regards the specifi- 
cation of the consolidation of stone metal. He said that on account of the 
brittleness of the stone that is ,avAi|.able in Delhi it is not possible for them 
to follow the st.andard specification Well, in 3Ieemt we have been using the 
Delhi stene and the Delhi gnt. and we bare found no difficcity in following 
the standard specification in coasolidatiog oar metal. We have nstid tar also 
in one or two }'l.ices and the results have not been unsatisfactory. With these 
remarks I close the discussion on this paj>er. 
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COKRESrOSDES'C F. 

Beply by the Anther (Kr A. W H.) Dt »b to the cojncietitJ made 
by Mr E- L- Seadhi 

With rCgird to the rcraartsby Mr. Sondhi on Trafhc Density, I bavo to 
explain as follows: — 

Trafic density : — •Tlie trafEc density gircn in the tabular gtatemcnt for 
mile 3 furlong 4 of Delhi-Bohtab Road a« 3<I ton-* represents the sillago cart 
IrafBc only, vide remarks in column 7. The fisurc of total load was onjitlcd 
but can be added now It is 772 9 tons. 

Similarly the hgure piven for the G T Meerut Itoad as 671 tons represents 
Tillage cart traffic only, the tola! load being 1252 5 tons, as "'as RMcn in Iho 
Delhi Traffic Census paper 

The variation in the figure for the t<\o other roads namely, G.T. Kornal 
Road and Delbi*Muttra Road as coni|>ared witli the figures gircn in tlio' Delhi 
Traffic Census paper' is due to the |>oints at which the Census was taken being 
different The figures given in the Uateroetjls arc for miles 3 and 6 respectively 
against mile 4 and 7 of the Delhi Traffic Census paper. 

The figure represent all kinds of traffic passing tbc above points. 


’Paper No 14 io the Proc^eilinB* ot the Secoud Indian Itoadn Congre**. 
UanRalore, January 193G. 
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Second Day, Tuesday, rebroary 23, 1937. 
CUAinMAN— ifAJOU \\\B, WUISHAW, 0.13.K., MC., H.K. ' 


ChainntiK - — I call ii|>on Professor Raja Rani to present his i)3j'er. 


The follonms paper uns then (atren as read 


Prtivr Xo. 33 

ROADS AND PUBLIC HEALTH fN INDIA WITH SPECIAL 
REPEHENGi: TO MALARI BORROW PITS, AND RO \D DUST. 

By 

ProUsso} Enja Earn, 3 Sc . i ^f , Inst C E , I'll. Nnii. M1.E {ind). 

Engmeei to the yfalana Survey of India, Delhi. 

InttodncUon — In the eaily period of the historj* of ‘genus homo’, 
when conditions of life were comparjiltvely primitive and simple, it was 
possible for lndi\iduals and comintiottics to maintain a high standard of 
health w'ithout tlio guidance and aid of medical, public health and other 
specialists. But the rapid growth and development of science and industry 
and their application to human affairs have created so-called artificial or 
more organised and highly complex conditions of life, which In therr turn 
have resulted in new needs and new dangers . these now call for the active 
eo-operatiou aud assistance of various specialists for their successful handling 

It has thus come about that the work of even road engineers, the 
construction and maintenance of roads and allied structures needs now to 
be co-ordinated with that of medical officers of health, public health engineers 
and other specialists to satisfy the demands of public healtli. This consider- 
ation forms the genesis of this paper. 

It is obvious that the primary business of road engineers, in fact all 
engineers, is to execute their projects in the cheapest possible manner consistent 
with the quality of work demanded on the b-asis of sound engineering practice. 
In doing so road engineers may not In the past have considered the posst* 
bility of harmful results accompanying or following in the wake of their 
new constructions In many instances road engineering works have thus 
created and are creating grave menaces to public health. Por removing 
such menaces subsequently, much larger sums of money may be required, 
if proper precautions are not takeo in the first instance It is obvious 
that a little increase in initial expeuditure based on a knowledge of the 
essentials of public health priuclples, would save large expenditure on 
remedial measures at a later date 

Boto neio road comiriiction can atase the spread of diseases . — The princi- 
pal menaces that can be and have been created by new road construc- 
tion are due to 

it) collections of rain water in bOTrow pits and depressions which 
act as breeding places for malaria carrying anopheles, and ste- 
gomyia fasciata — the carrier of dengue and yellow fever, and filaria. 

(it) dampness in the soil of road embaukiuenis which 0.10 facilitate the 
breeding of .\ucyIostoma duodenale. 
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{iit) collections of roaS niotal od both sides of the road which socne- 
timos act as brooding places for sandflies which causa sandfly favor- 
and (tiO tha dust nuisacee, which under certain conditions causes diseases 
of the respiratorj’ organs, soch as bronchitis, pneumonia, tuber- 
culosis oto. 

It IS proposed to consider m this pvpar >n some detail how road 
BDgioeers can help in the redaction of cauaea svhich produce the typo of 
diseases mentioned above Tho first thing to be discussed is tbo type of 
road responsible for a largo amount of sickness Road engineers are well 
aware of tbo fact that there are metaUed roads in India whose milage la 
comparativdj* small and earth roads whoso uiilago js by far the greatest 
of any type of road. The Pucea or metalled road needs no lengthy treatment 
here, but the earth road, which has several foatarea to commend it (or ordinary 
country trafSe needs brief raforeoce. 

BnrthJionSs . — Tbo special advantages of cartb roads are 
(i) low initial cost, 

and (it) low maintenance charges and suitability for ordinary country trafllci 
but they also ordinarily ^lossoss senous disadvantages,' somo of which can be 
avoided. 

Tbo disadvantages are that thoy receivo vary little attention in main- 
tenance and arc generally allowed to fall into dis-repair In moat cases they 
are tho original village tracks, but often, where in ombankment, they have 
l)oen extiemely badly built, and are m consei^uence liable to damage by 
flood They are badly drained and badly aligned and sometimes are not 
made to serve tlio area m tho best possible manner. Lastly they ate 
often provided with an inadequate number of culverts and bridges The 
absense of all engineering skill possibly p'omts to embankments thrown up 
as village works in a (amine, but the menace to health is there and tha 
attentioQ of engineers cannot be drawn to a hotter example of what to avoid. 

Alignment . — Roads aud highways all over tha world have to bo aligned 
from consider.ations not primarily of engineering convenience, Tbo engineer must 
follow not the watoralied but the dict.ito3 of transport requirements and most 
roads have bad to be built across the natural dniinage system of tha areas which 
thoy trvvvorse In low lying alluvial plains roads musat be raised above the genera I 
leiol of the surrounding country so that trafljc may move on a dry surface 
during wot weather. This necessitates tbo construction of embankments wiiich 
often tend to obstruct the drainage and raise still higher the level of sub-soil 
water which in the ordinary course during the CAiny season, rises high in tho 
phnis of India tltbough tbo damming up of accumulated storm water by 
embankments takes place only during the monsoon, tho water lies long enough 
to faciUlnlo tho breeding of mosquitoes. Anopheles and other mosquitoes 
bleed profusely in many places m such water, and spread the diseases mentioned 
before. 

Biirfges n«(i Ciflvfrfj. — -It is a well known fact that the inadequacy of 
bridges and culverts causes the accumulation of water referred to m tho pre- 
vious paragraph The numlicr of such outlets should var>’ according to the rain 
fall and gmdient, tlio principle being that the storm water should bo removed 
from tlie surface and the roadside beforo it has time to soak in and form pools. 
An average dis tanco between calvorts u 8.a5d to bo about 400 feet or say 12 

4S»*e U. fi. Departmt'iit of Apneullure “Public Hoads” tor Jann.irj* 1030 
nnd November, 1031. 



GxacUy tbo samo manner as the first one namety, the collection of vrater. 
third sonree of danger, sandfly fever, can bo avoided by covering up with i 
the collections of road metal within half a mile of human habitation. 
Vrill prevent the breeding of sandflies. 

J?om? duit and puhhc hcuUk in India. — The danger to public health 
dust remains to be considered. It may be mentioned that no serions injur 
the respiratory mucous membranes results from ordmarj’ road dust if it is 
from bacteria When the dost is excessive or is of an irritant natur 
contains patbagenie germs, it l>ecome5 injurious. The danger from 
becomes greater if it is constantly present and individu.als are susceptibl 
such diseases as the dust ingredients are likely to induce. 

Dust can directly irritate and inflame respiratory organs and indir 
act as a predisposing medium for many infectious diseases. Silica in 
dust is a direct irritant and predisposes individuals to pulmonary tubercc 
and induces fibrosis. The presence of pollen, organic matter and bac 
in the dust makes it more dangerous. The corainon diseases producei 
dust due to direct irritation of the mucous membraue are silicosis 
asbestosis. To keep down dust on roads necessitates first of all the 
structiou of a proper and good «iur{ace. Unfortunately in India road eogii 
are short of funds and the qoestiou of dust prevention on roads has not 
received serious consideration. It is true that recoorse is being had 
and more to bituminous paint for road surfaee«. but this is being do: 
effect economy ; du«t prevention comes in only by the way. For dust 
vention. as ro\d engineers are well aware, many methods are adopted 
as the use of bitumens, asphalt, tar. road oils and solutions of calcium eblor 
But under present conditions in India the prevention of dust nuisan 
towns and villages is a problem admitting of no obvious and practical soli 
Even if road surfaces are treated with bitumen or oil there is in busy thorr 
fares the dong of draught horses and bullocks to lie dealt with. In 
quarters hundreds of tongas ply and the horses invariably drop dung Befc 
can he swept awav it dries in the liot sun and is converted by the wlr 
traffic into dust of a dangerous kind ^DOlhe^ source of dust is the Ku 
courtyard of houses on either side of the road The '.weepings from < 
courtyards are usually thrown on to the road-side and are a source of the 
nuisance. Unless the houses have Pacta courtyard and motors replace dra 
animals the dust nuis.ance must continue. It is a well-known fact flui 
storms J^nd clouds of dost wafted from the deserts of R.ijputana ove 
the skv during the dry season Thus the dust nuisance c.annot be prev^ 
by even cement concrete roads and asphalt surface tre.atment when 
other formidable soxirces eyist. But coming to the prevention of the 
nuisance from the road surface itself the precautions mentioned above si 
certainly be adopted. Hie matter is receiving some attention in large citie- 
a plea mav he put in for the village through which a public highwav pa 
The treatment of quite a short length of road would prove of immense benel 
shopkeei'ers and dwellers in houses on the road side. 

‘ 5 ee I, W. V. Piotrov«ki— petroleum. Zeitschritt 
1929, 23. 2C0, Dust Pievention on Roada 
2 P. Zeckel — .\rcliiiect, Bautech. 

19^1. 211 (19) lCO-1 Dustless Road Surfaces. 

3. K. ^chmeisjer — Stras«pnwe«en 
19d(>. 9 (6) T1 Road Oiling in Vienna. 

•1 ? A. AjtricaUnre'VearltooV 1907 

Diiat Pievention 
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Moreover the dustless surfaeo should bo sulhcicntly wide to keep vehicular 
trafUo olT the earthen berm. A cheap and ollicicnt form of widening is a brick 
on edge pavement and the ideal width for this pavement is from the edge of the 
treated surface to the side dram. This incidentally helps drainage and prevents 
the formation of unhealthy muddy margins m wet weather. 

Recently a mistuio of molasses, water and phenol has been mentioned as 
having proved effective, as a dust preventive on a certain private estate but 
experience was based on a trial of only about 3 weeks. Without considerable 
trial on public roads, no useful opinion can bo expressed on the merits of the now 
process. Further in Mysore State molasses has been used to provide a smooth 
and dust free surface and to protect the underlying macadam from wear Even 
this experiment is of too recent a date to warrant a pronouncement of opinion, 
and these two departures fioro normal practice are only mentioned to show that 
engineers have not been backward in attempting to utilize an abundant by- 
product of the rapidly developing sugar industry 

Conelnston . — To avoid any impression of captious criticism divorced 
from reality as represented by tho limitations of the public purse the writer 
would repeat that the range of action of the mosquito is a mile. Such funds 
as are available for remedying the errors of the past need not, therefore, bo 
spent outside the radius of a mile fiom towns and villages. New borrow pits 
unless properly drained should not bo dug withiu this distance and care in 
the preparation of new projects would then provide the additional security 
asked for. 

But so far as malaria and other mosquito>borne diseases arc concerned, 
the writer must sound a note of warning to engincore against tlie indiscriminate 
or misguided adoption of anti-malarial and puMic health measures in any 
locality. A malariologist or public health officer sliould always he consulted 
before any such measuies are adopted. It is a common belief amongst lay 
people that anti-malarial and anti-roo^quito measures are synonymous, but 
it is not quite so, for it is only about half a dozen out of about 43 species of 
Anopheles found in India that act as malaria carriers Out of tho malaria- 
carrying Anopheles, A maculalus, A. intnmus nnci A. Stmdatcus err ludlowi 
prefer breeding places exposed to sunlight so that if these species are found 
in a jungle, the indiscriminate clearness of that jungle, as happened in Assam, 
would help their more profuse proliferation, though it will be deterrent to the 

.. f,. .... . . S-alt swamps in India, Burma and 

■ • . ol A ludlowi A thoiough knowledge 

Anopheles and other mosquitoes is tho 
most important factor in the campaign for the eradication of malaria, and 
therefore engineers should, when necessary, consult the malariologists or ento- 
mologists who possess such knowledge. 

Tho writer considers it desirable that at least one assistant engineer in 
each division of the buildings and roads branch of tbo P.W D. in malarious and 
unhealthy tracts and provinces, such as the Tcrai and Bhabhar estates, tho 
northern slopes of Kbasia Hills, West of Chota Nagpur in Bibar and Orissa, 
the foot of Nilgiris, Dooars, Singbbhum, tho Agency- Tract in Madras Presidency 
Eastern Ghats, etc , should bo deputed to undergo a short conrso of in«truction 
and training in tho special aspects of engineering rebating to malaria and public 
health. Though by undergoing such a course of instruction, an engineer may 
not become an expert malariologist or Public He-alth OfScer, he would at least 
loam to appreciate tho damage which many ill-executed (from the sanitary 
IKiint of view) proj'ccts may cause He should also be in a position to avoid 
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hlundcr^ in tlio fntnre. ITo would l>o cainhlc of carrying out minor anti*mal.a* 
rial operations, and engineering works for tlio improvement of public liealth 
on his own initiative, and would realise tbo necessity of obtaining expert 
advico from the malariologist or Public Health Department on major works. 
In short it is high time for read engioeors, in fact all civil engineers in India 
to realise that tho eradication or control of all mosquito-borne diseases including 
malaria is as much an engineering project as it is a sanitary’ ora medical 
problem. 
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DISCUSSIONS ON PAPER No. 33. 

Professor Raja Ram (Anthor):— Mr. Chairman and Members of the 
Congress — In the first place, I want to thank tho Council of tho Congress 
for permitting me to read the paper, for ns you nro awara I am not a member of 
the Congress. This r.aper was written at tho instenco of the Public Health 
Commissioner with the Government of India under whom I am temporarily 
placed. The Health Department of tho Government of India has for a 
considerable number of years been acutely feeling that the Tarious branches of 
the Public "Works Department in India have been in many instances inadvertently 
building works in such a manner that they have caused and are causing a largo 
amount of preventable sicknesses. All the attenapts of the Health Department 
in tho past to porsuado engineers to attend to certain broad considerations and 
principles of Health preservation in their projects and works seem to have gone 
generally unheeded, until the work or project itself could not be executed owing 
to sickness among labourers as happened at the Headworks of the Sarda Canal. 
Ono of the most harmful and common disease engendered or its incidence 
substantially increased as a result of some of the works executed by the Public 
Works Department is Malaria. Evidently disappointed by the scanty response 
of the Public Works Department engineers, tho Health authorities in order to 
press their point of view got the following resolutions passed at the Business 
meeting of the Seventh Congress of Far Eastern Association of Tropical Medicine 



held in British India in Docomher 1927, whicli laid stress on Man made 
malaria. The first resolution roada aa follows : — 

“The Malaria section of the Seventh Gongioss of the Far Eastern Associ- 
ation of Tropical Medicine are aware of many uistancos of a great increase in the 
incidence of Malana caused by the facilities given to mosquito reproduction by 
engineering works, either during construction, or afterwaids, due to the different 
conditions brought about. Tins Congress is of the opinion that plans for railways, 
canals, harbours, and all similar engineering works likely to affect the conditions 
producing malaria, should be submitted to the proper public health authorities, 
and their sanitarj' engineers before being sanctioned by Governments ” 

They passed a second resolution which reads as follows’ — 

“For wide rural areas, specially those with scanty, povarfcy-sticken popu- 
lations the first step in the control of malaria is adequate research, so that the 
conditions present may be ascertained and the best methods of control under 
the particular circumstances ascertained as a result of research Methods of 
prevention may he of great variety, and include drainage, flooding, jungle 
clearing, jupgle preservation, bonification, the promotion of .agriculture, improve- 
ment of housing and the general economic condition, education etc., of the 
people The systematic killing of the adult mosquitoes-screoning, the use of 
anti-malarial drugs, and a host of spscial methods have each to ho considered 
m their proper application The Congress desires to stress the need nob only 
of thoroughly trained malaria lesearch officers, hut of expert malarial engineers 
in whichever type of itialaiia prevention is at stake *’ 

Id pursuance of the recommendations embodied in the last sentence of the 
second resolution, the Indian Besearch Fund Association selected me for 
appointment to the post of Malarial Engineer to the Malaiia Survey of India. 
I joined this post on July 2, 1934, and under the guidance of two very able 
Directois of Malaria Survey of Indi.i Lt -Col. Sinton, D.Sc , M D , V.C , I.M.S., 
and Lt -Col. Oovell, liave been able to see for myself where the engineeis 
were found wanting from the Public health j'oinl of \iew Some of these 
observations based on extensive tours through various parts of India aro pie- 
sented before yon in this paper. 

Personally, I feel that engineers can help materially in the control of 
inalarii and some other diseases in India. Lo Prince and Orenstein, the two 
cYamewt engineers, in Panama, by ibeir public boaltb work in tbe jirevention ol 
Yellow Fever and malaria made the construction of tlte P.inaina Canal a practical 
proposition Owing to the incidence of these diseases the construction of this 
very canal by a k'rencli Company was luvio previously impossible Henry 
Home, Ilanlcnburg and Evans aro other engineers of note in the domain of 
malaria prevention and control in other lands th.in ours 

In de.aling with engineering measures for tho control and prevention of 
mosquito-borne diseases some further explanation may, I helioie, prove useful. 
I'irstly, it is obvious that if there aro no mosquitoes (i tho carnois of the 
disc. isos) theie will he no sickness caused by their bite 

All nnopbele's and most cuHcines breed or lay their eggs in water. .\no- 
plieles develop from the egg stage to adult stage in C or 7 days under ordinary 
conditions of weather, culicines take from a week to seven weeks and sandflies 
from 2 to 5 weeks. If engineers can arrange in all their works under and after 
construction not to hold up water, except where it cannot l)e heli'cd, for more 
tlian si\ dav s there can bo no breeding of anopheles and cuUcines, an<l therefore 



no mosqaito-borno disoa«i09. If water is held up for more than this i>eriod it 
should bo treated with oil, Paris green, pyrocido or other insecticides. For 
removing water an efilciont and well-planned sj stem of drainage is essential. One 
thing more should bo remoniWed and that is that anopheles always breed in 
comparatively clean water whore.as calcines breed oven in <;owaga ofiluents. 
Even one-eighth inch deep water of the size of a nipco is suflicicnt to enable 
liundreds of mosquitoes to lay tboir eggs and breed. The novt jioint of import- 
ance is the limit of distance from habiLations for ofTectivo anti-malarial control 
measures, in other wonls bow far froin inhabited areas should there be no 
standing water for the prevention of malaria and mosquito-borne diseases 
generally- So far as our prc'sent knowledge goes a minimum distance for con- 
trol works is one-quarter of a mile right round populated places, preferably one- 
liaU of a mile: under ideal conditions where money is no consideration it may be 
extended to one or one and a half mile, for tho range of flight in the case of 
culicincs is from one to two miles, .\mong other measures the road engineers 
might consider the feasibility of mosqinto-prooflng of wells, water cisterns and 
dak bungalow's on the roadside in inaiaiioits tracts. 

If all engineers including road engineers applied themsolrcs to.a stndv of 
the problems of public health in relation to their sjiecific branch of engineering 
and if tho Government and tbair chief engineers encouraged them to do so and 
apply tho results of their study m tho execution of works I feel certain that the 
load for controlling pi-event.ildo dise-ases by engineering measui'es will pass from 
the bauds of medical men to those of the engineers. It may be worthwhile 
mentioning that tlie first cu(iuir> into 'MaUrin and water-logging’ appointed in 
India hv tlio British Government, i <• . the East India Company was in 18^7 and 
consisted of throe ineinbei-a of which Major W. E. Baker (President) and 
Lt Yule weie Engineers and Surgeon T E Pempster was the only medical man. 
I think that should represent the correct projiortinn of the activity of the Engi- 
neering and Medical workers lu the domain of such Malaria control activities 

I am primarilv concerned with in.alari.a. However nt tho instance of the 
Public ITealth Commissioner I have also dealt with dust nuisance in my paper 
and in this icspect haMiig no practical experience of the subject, I have done as 
best ns I can If there is any point winch requires further explanation I should 
be glad to explain it. 

Mr. N Das Gupta; — I agree with Professor Raja Ram regarding the care 
that should he c-xercised in digging borrow pits ae.ar humaa habitation, but I 
doubt whether it would be |)Ossible to take out earth in thin slices when the 
ombankinent to bo made is higli I would rather follow up the method adopted 
by tho District Board of D.acC4 for imaking omhankments near human habita- 
tion. Iuste.\d of digging a number of borrow pits along the alignment they 
acquired tho old stagn.int ponds of the vifkage through winch the road pissed 
and from wliicli the necessary amount of eirth was dug out. Thus the 
vilkigors insteid of having borrow pits full of mosquitoes, liavo now got several 
big tanks from which they can get plenty of water all the year round. I think 
' this is a move in the right direction and ougineers in charge of similar works 
instead of achieving their own ends at the cheapest way should also keep tlieir 
eyes ojvin to the welfare of the jieople of the lillages through which their 
road runs. 

Chairman* — I call uixm Professor Raja Ram to reply. 

Professor Raja Ram; — In replv to the question of mosquito-proofing of 
wells, I think it Will be better foi lue to refer to the geueral principles of 
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mosqaito-proofing. I have locontly contributed n paper on, “The design of 
mosquito-proofod buildings in India" which has been published by the Insti- 
tution of Engineers (India), and to thoso of you who wish to look at it I can lend 
‘ ' ■' • ■ ■ le is that we should 

the size which can 
up the wells entirely, 

provide slabs over them and put in either a hand-driven or a motor-driven 
pump I have prepared some designs for Delhi area and I have got them at 
my Delhi ofGce. They are not very elaborate but they give the essential 
features of the design and I shall he vorj' glad to supply copies of these designs 
to any member who would like to see them. 

Mr. S. 0. Stubbi (Punjab): — What about the well with a Persian wheel. 

Prof. Raja Ram : — We cannot mosqoito-proof it. Only those structures 
which are capable of mosquito-proofing can be mosquito-proofed 

Chairman: — On behalf of the Congress I thank Prof Raja Ram for his 
very interesting paper covering a subject which we as engineers are somewhat 
apt to overlook or neglect. 

I suggest that it bis paper will induce more of us to prepare estimates in 
such a way that wo can finish our works satisfactorily m respect to tlia kind of 
details that he has mentioned, Ins paper will achieve one very useful result; 
and if it will induce any of us to try and do sometlung to fill up borrow pits 
along the sides of roads — even if it bo on a ten year plan — and so make an 
alternative way for animals and pedestrians, it will have served another very 
useful purpose. 


Chaibman— B rigadier E.C. Walker. 

CkmVm/in:— In the absence of Mr, G. L. W. Moss, I call upon Mr. J. P 
Anderson to introduce the paper. 


The following paper was then taken as read. 


Paper No 36 

WAYS AND MEANS OF IMPROVING THE BULLOCK-CART. 
By 

G. L. ir. Afoss, Service Manager. The Dunlop Eubber Company 
(India) Ltd., Calcutta. 


Bullock-carts, as they may ho seen in India to-day, are probably very 
little changed in design and general appearance from the bullock-carts that 
were to be seen many hundreds and oven perhaps thousands of jears ago. 
The circumstances and conditions in which they work have, however, changed 
finiueasurably. 

Modern communicationa have so stimulated industrial development in and 
around the larger towns and citie<*, and agriculturally have resulted in so 
great an extension o( the cultivation of ‘money* crops as opposed to snbsistance 
crops that entirely new Transport and Traflic problems have been created. In 



no moaquito-borno disoasos. If water is bold up for moro tlian this period it 
should be treated with oil, Paris green, pyrocido or other insecticides. For 
removing water an efficient and well»plannod system of drainage is essential. One 
thing more should bo remomhered and that is that anopheles olways breed in 
comparatively clean water whereas calcines brood oven in sewage ofliuents. 
Even ono-eighth inch deep water of the size of a nipeo is sufficient to enable 
hundreds of mosquitoes to lay their eggs and breed. The nett point of import- 
ance is the limit of distance from habitations for ofTective anti-malarial contiol 
measures, in otlier words how far from inhabited areas should there bo no 
standing water for the prevention of malaria and raosquito*borno diseases 
generally- So far as our present knowledge goes a minimum distance for con- 
trol works is one-quarter of a mile right round populated places, preferably one- 
half of a mile; under ideal conditions where money is no consideration it may bo 
eiitended to one or one and a half mile, for the range of flight in the case of 
culicines is from one to two miles. Among other measures the road engineers 
might consider the feasibility of mosqiirto-proofing of wells, water cisterns and 
dak bungalows on the roadside in inalaiioiis tracts 

If all engineers including road engineers applied themselves to. a study of 
the problems of public health in relation to their specific branch of engineering 
and if the Government and tlieir chief engineers encouraged them to do so and 
apply the results of tlieir study m the execotion of works I feel certain that the 
lead for controlling preventable diseases by engineering measuies will pass from 
the hands of medical men to those of the engineers. It may be worthwhile 
mentioning that the first eDquir> into ‘Afalarta and water-logging’ appointed in 
India by the British Government, t e , the East India Company was in 1647 and 
consisted of three meinbais of which Major \V. E Baker (President) and 
Lt Yule were Engioeers and burgeon T. E Pempster was the only medical man. 
I think that should represent the correct proportion of the activity of the Engi- 
neering and Medical workers m the domain of such Maiarm control activities 

I am primarily concerned with m.alaria. However at the instance of the 
Public Health Commissioner I have also dealt with dust nuisance in myjiaper 
and ID this respect having no piactical experience of the subj'ect, I hare done as 
best ns X can If theie is any point which requires further explanation I should 
be glad to explain it. 

Mr. N Das Qupta; — I sgreo with Professor Raj’a Bam regarding the care 
that should be exercised ni digging borrow pits near human habitation, but I 
doubt whether it would be possible to take out earth in tliin slices when the 
embankment to be made is high. I ^YOuId rather follow up the method adopted 
by the District Board of Dacca for waking embankments near human habita- 
tion. Instead of digging a number of borrow pits along the alignment they 
acquired the old stagnant ponds of the village tbiougli winch the road passed 
and from which the necessary amount of eaith was dug out Thus the 
villagers instead of having borrow pits full of mosquitoes, have now got several 
big tanks from which they can get plenty of water all the year round. I think 
• this is a move in the light direction and engineers in charge of similar works 
instead of achieving their own ends at the cheapest way should also keep their 
eyes open to the welfare of the jieople of the villages through which their 
road runs. 

Chairman: — I call upon Professor Baja Bam to reply. 

Professor Baja Bam:— In reply to the question of mosqatto-proafuig of 
wells, I think It %\jil be better for me to lefer to the general piinoiples of 
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mosquito-proofing. I have recently contributed a paper on, “The design of 
mosquito-proofed buildings in India" which has been published by the Insti- 
tution of Engineers (India), and to those of you who wish to look at it I can lend 
my copy. As regards mosquito-proofing, tho main principle is that wo should 
leave no apperturo in any building or atructuro larger than the size which can 
admit a mosquito into it. This means wo should cover up the wells entirely, 
provide slabs over them and put in either a band-driven or a motor-driven 
pump I have prepared some designs for Delhi area and I have got them at 
my Delhi office. They are not very claborato but the) give the essential 
features of the design and I shall bo very glad to supply copies of these designs 
to any member who would like to see them. 

Kr. S. 0. Stubbs (Poujab): — W’hat about the well with a Persian wheel. 

Prof. Xtaja Ham : — We cannot mosquito-proof it. Onl> those structures 
which are capable of mosquito-proofing can be mosquito-proofed 

Chairman: — On behalf of the Congress I thank Prof Kaja Ram for hia 
very interesting paper covering a subject which we as engineers are somewhat 
apt to overlook or neglect. 

I suggest that if his paper will induce more of us to prepare estimates in 
such a way that we can finish our works satisfactorily in respect to the kind of 
details that he has mentioned, his pajier will achieve one very useful result; 
and if it will induce any of us to try and do something to fill up borrow pits 
along the sides of roads — even if it be on a ten year plan — and so make an 
alternative way for animals and pedestrians, it will have served another very 
useful purpose 


Chairman— Brigadier E. 0. Walker. 

C/miimau:— In the absence of Mr. G. L W. Moss, I call upon Mr. J. P. 
Anderson to introduce the paper. 


The following paper was then taken as read. 


Paper No SG 


WAYS AND MEANS OF IMPROVING THE BDDLOOK-CAUT. 
By 

O. L, ir. Afoss, Service Manager, The Dunlop Rubber Company 
(Indio) htd., Cofcnfla. 


Bullock-carts, as they may be seen in India to-day, are probably very 
little clianged in design and general appearance from the bullock-carts that 
were to bo seen many hundreds and oven perhaps thousands of years ago. 
The circumstances and conditions in which they work have, however, changed 
iiniueasurably. 

Modern communications have so stimulated industrial development in 
around tho larger towns and cities, and agriculturally have resulted^ 
great nn extension of the cultivation of 'money' crops as opposed to ‘sub ' 
crops that entirely new Transport and Traffic problems have been ere 



the liiglily indusfcrlalhed countric* oI tbo Wo^t the mochani;:atioii of trans- 
port has proceoflef^ at a rapid rate. In India, however, tise vast undevelopoi? 
areas w’ith their inadequate roads, coupled with the extreme poverty of tlio 
agricultural population, ensure the continuance of Animal Transport for many 
years to come The Government ol Imlm Census in 1930 returned the number 
of bullock-carts in India at approximately 8^ millions, and there seems to ba 
little evidence of any diminution of their numbers. 

Although a groat deal of indepondoot expenmenb is of course always being 
carried on by various Road Authorities, it is perhaps somewhat surprising in 
view of this vast trafTic that an authoritativo and comprehensive investigation 
into tbo effects of Bullock-Cart Traffic on various modern Road Surfaces has 
not already been cariied out in this country. Opinions regarding the time re- 
quired for the destruction of certain types of surfaces by \'anou3 intensities 
of Bullock Cart Traffic differ very considerably, but there is ainjile general 
testimony to the piowess of this Iron-Tyred Traffic for tlie job In this connec- 
tion the Consulting Engineer to the Government of India (Roads) in tbo Marcli 

1933 issue of 'Indian Roads' remarked •— 

“There is general agreement regarding the destructive action of many 
Bullock-carts upon road surfaces and tin’s has come prominently 
to notice in recent years owing, firstly to the destructive effect of 
combined motor and bullock-cart traffic on macadam roads and, 
secondly, owing to the way in wiiich tracking bullock-carts cut 
through certain asphaltic surfaces which are quite suitable for 
heavier mechanical transport units" 

Bsperiments earned out in Brunswick some ^ears ago on tlie Brunswick 
Experimental Bead demunstrated that ol all classes of tiaffic the greatest 
damage was caused by mixed rubber and iion-tjrec] traffic, und it was reported 
that 62,500 tons of mixed tyred traffic caused more damage than the 
820,000 tons of tubber-tyied traffic operating at much higher speeds The 
iron-tyred traffic for these tests w.as provided hy niBchanically drawn 
trailers and therefore probably piopeily sprung, and fitted with verj’ much 
superior hub and tyre equipment th that ordinarily possessed by the 
Indian Bullock-cart 

The Seventh iDteinatioaal Roads Congress held at I^Iunioh duiing 

1934 in an 'Investigation of the relationship between vehicular traffic and 
road surfaces iii regard to the economy of transport’ concluded that • — 

“The greatest difficulties connected with the adaptation of the surfaces 
to the traffic are encounteied when theie is a mixed traffic consisting 
of rubher-t\red motoi vehicles uiid iion-tjied lioise-diawn ^ehicles. 
The lighter the form of construction the greater are the difficulties, 
wliich do not rise to any noticeable extent in the case of heavier 
forms of construction. 

In view of the use of draught animals, owing to their shoes being 
frequently fitted with grips and calks, and in view of the utilisation 
of iron-tyred x'ehiclcs, it will, in many’ cases, be more economical 
to make use of heavy forms of construction, even though the 
motor vehicle traffic may be comparatively small". 

(CoMcfunons ? and S) (5tfi qxtesiion) 

A good example in India of the effect of heavy mixed rubber and iron- 
tyred traffic IS provided hy the Lady Jamshedji Road in Bombay which 
although ha\ ing a carpet of 3” asphalt on a 6*' cement-concrete foundation is yet 




7C 

uhiu}i tlio tost conltfiticd for 8 hours n day, tlio oxporiiucnK was giren 
up ns it wns thought that tho tracks must Imvo bcou bnclly laid. Tho 
ring 0” which tlio rubbor*tyred carts wcro circulating allowed practi* 
cally no signs of wear. 

Tho nvorago pneo of tho rubbor-tyred carls was 3.12 m.p lu and of tho 
country carta 2.G1 in.p.li. 

It was then dooidod to carry out tho tests on tho Grand Trunk JRoad 
between Poshnwarand Nowshora. This is a hitmncn emulsion treated 
rond on which 50 years of consolidation has been going on. 

Tlio stretch chosen was resurfaced in July 1934. 

Two lengths of IIU yards \Toro chosen and tho same country carts and 
nibhor-tyrod carts wore diivon up and down for 8 hours a day. 

Tho ordinary tratho was diverted to the side. 

On tho fourth day tho tracks on which tho country carts wore circulating 
began to show signs of W'oar and in patches tho surfaces began 
to peel off” 

Those exporimonts illustrate tho ‘enormously destructive olTocts of bulloek- 
cart tratllo on motnilod roads and onablo somo idea to bo gained of what it must 
cost tho country on road maintonanco charges. 

On rural Earth roads tho ollocts of iron»tyrod bullock-cart trafiioaro not 
perhaps so sorious from tho |>oint of viow of Rond maintonanco costs, as from tho 
ooonomlo aspect of bad cominunications resulting from tlio ilotorioration of road 
surfaces. It is indeed not uncommon for whole areas to bo completely cut off 
from all contact witli tho outside world foraconsidor.iblopart of tho year, owing 
to tho impassable state of tbo roads as tlio result of bullook-cart traflic. In 
this connection tests carried out by tho Imperial Institute of Agricultural 
Research, I*usa, are interesting. 

’’ “Experiments detailed hero have already shown that in the course of 
Gfi4 journeys mudo by ordinary farm carta with a lo.ad of 25 inaunds 
cane, and roturnmg empty over an ordinary kuchha cart track or 
Ukh, the wear on tho Ukh was Sj inches greater than that pro- 
• jjjg rimundage working 
number of journeys, while ' 
■ing 12 inaunds and doing a 
similar number of journeys was worn down to 4i inches below tho 
Dunlop surlaco. 

At the bottom of all tliis is tho real crux of the carting problem. The 
average country cart by its dostructivo action on the carting surface 
roducog its own pay load automatically as tlio season progtessos, and 
does a tremendous amount of damage to tbo road whicli has to bo 
repaired before next season, while tlio Dunlo]) cart carrying a much 
greater load inainlains its carting surface in excellent condition nod 
by this method keeps its pay load at tho same level throughout tho 
season and icduccs tho cost of road upkeep to tho District 
nulhontics". 


*PaBO Af;riciiUtiro and Live-Stock in India, Vol. I.Y, Pnrt V, Str., 1931. 
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The Koyal Commission on AgricuUnro refers to the effects of bad communi- 
cations* as follow : — 

“India being essentially an agricoltaral country’, bad communications not 
only hamper the agriculturist in marketing the produce but also raise 
the price of his produce and purchases from elsewhere. In fact it 
has been the improvement m communications generally since the 
middle of the last century that, more than any other factor, has 
brought about the change from subsistence farming to the growing of 
' money crops such as cotton, jute, groundnuts and tobacco. 

Bad communications also impose a constant strain on the stamina of 
draught animals and seriously reduce their efhciency for the all- 
important work of cultivation.’’ 

The bullock'Cart therefore constitutes a very real problem. It is a vital 
link in the transport services of the country*, and provides the major means of 
communication for vast areas. It is at the same time one of the most road- 
destructive types of traffic, and to a large extent regularly immobilises itself and 
other traffic, throughout a substantial part of each year in those areas where it 
is most needed. 


Turning now to the bullock-cart itself, before referring to some of the 
ways which have been, suggested for improving the bullock-cart, it should 
be noted that any proposed improvements must be of necessity either cheap 
enough to be within the reach of the resources of the average bullock-cart 
user, or must so increase the transport efficiency of the vehicle as to render 
the improved type attractive to capital, and so make the provision of ffnan- 
cial^ assistance practicable to the more impoverished type of user. Efforts 
to improve the bullock-cart must obviously be concerned with the bub 
and wheel equipment. In many parts of the country the rest of the cart 
merely consists of bamboos, or pieces of timber roughly fastened together. 

The majority of huUock-carts operating m and around towns and cities, 
and large numbers of c-^rts in rural areas now have iron axles and 
iron tyres. These axles are liedded in a wooden axle tree and terminate 


at each end in a journal of small diameter, which works in a roughly 
made iron bush sunk into the wood work of the wooden hub. The wheel 
U then built up from the hub and an iron t\ ro fitted over the felloe band 
The size of wheels employed varies very considerably, the diameters ranging 
rora 3 (eet to 5 feet (j inches or even 6 feet (except in the case of four-wheel 
fpP ^ K front wheels are of course much smaller) The design of the 

t ° varies m diffeient parts of the country and it is interesting 

0 no e a ditierent widths and shapes of felloe bands that have been developed 
.1 passage over different types of surfaces, 

ihe width of the iron t^ro also varies in many parts of the land, and for 
different conditions of service Widths range from U" to 3"— more or less 
in accordance with gross axlo loads, winch run from half-a-ton to us much 
as JS tons it is not easy to calculate exactly what these loads represent 
m road pressure per square inch, as it is almost impossible to determine 
exactly the actual area of contact between an iron tyro and the road 
surface Iwciuse the elastic deformation of the wheel and the elastic and 
plastic detonation of the ro.ad surface and the la^er of dust over it cannot bo 
estimated . Few roads are FUffiLiintly smooth to give an even bearing 
between the iron tyro and the road surface and also, as the result of 
continual screwing o\er the roid. iron tyres almost inevitably wear into 
a curve and thus prod uce iKDint loading 
* l-lt.l).T. A. pAHitihlet Ko. 'Ji 
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Tbo results of practical usage in different parts of the country in var>’ing 
circumstances, amply ilomonstrato the very substantial reduction in draught 
secured. One otamplo which may bo quoted is that of a leading Municipality 
whoso pneumatic-equipped hullocfc-carts transport 128 tons of refuse per month 
as against 35 tons carried hy tho iron-tyred cart. In the sugar-cane areas of 
North Behar and the U.P., it is found that tho pneumatic-equipped carts aro 
able to transport from SO to 70 mds. of cane ns against the 20 to 20 mds. 
normally carried by country carts. 

Not only, therefore, is pneumatic equipment tho ideal solution of tho 
buUock-cart problem from tho road cnginccr'a point of view, but it carries with it 
considerable economic advantages to tbo user, which apart altogether from other 
considerations is attracting increasing numbers of bullock-cart operators to 
pneumatic equipment. 

Tho chief objections to pneumatic equipment aro (i) The high initial cost 
of tho equipment and (ii) Tho inability of the bullock carter to maintaia properly 
pneumatic equipment. The high initial cost of pneumatic equipment is undoub- 
tedly a serious drawback, although it should be pointed out that when expressed 
as a rate per maund of pay load capacity, tho cost of the indigenous bullock-cart 
and the pneumatic-equipped bullock-cart Is approximately tho same— tliat of a 
complete cart on pneumatic tyres ranging from Rs. 200/- to Rs. 250/-. It is. 
however, not always necessarj* that now carts l)o purchased as existing carts are 
readily conveitible, and in many cases it is possible by re-arrangement or ex- 
tension of side supports to Increase satisfactorily the cubic capacity of tho vehicle. 
In such an event the cost of complete conversion ranges from Rs. 150/- ta Rs. 
200/- per cart Tliis cost is admittedly high, and at present the adoption of pneu- 
matic equipment is necessarily conGned to those buUock-cart users with capita! or 
such others as are associated with capital in some N\a> 

The problem of bringing pneumatic equipment withm tbo reach of the 
general carter should not, however, bo insoluble The general adoption of it 
would effect enormous economies in road upkeep costs, mean increased earnings 
or reduced tr.^nsport costs to buUock-cart users, and considerable business to the 
equipment manuhicturers It should not, therefore, prove impossible to find 
some way of bringing these three interests togetlier m a financial scheme to 
render change-over to pneumatic equipment possible. 

The second main objection, rir , the ability of tho oidinary carter to main- 
tain projierly a set of pneumatic equipment, undoubtedly gives cause for mis- 
giving. It may bo remarked, hovve — n.-i »i - • i- f . - 

incidence of punctures is probably 
etc , of the ordinary t)pe of cart 

must have been encountered when the motor bus was first introduced, and time 
and experience will most certainly cure this disability. 

As in tho case of motor traffic, adequate service arrangements would be 
likely to follow closely the development of the use of pneumatic equipment bv 
bullock c-arts. 


Eiccpt tor the pneumatic tyre, no other form ot rubber tyre has been 
satistaclorily protiucecl for use on hnllook-carts— althougli considerable research 
work has been earned out to determine the practicability Ota solid or cushion 
rubber lyre fcr bullock-can. There are however, technical aud manutneturiug 
olistaeloa to tho production of such an article ivliicli, so far. it lias not been nos- 
sibie to overcome. ‘ 
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. If the present enormous cost of the destruction caused by the bullock- 
cart traffic is to be reduced in any way, it would seem of necessity to be by 
way of the pneumatic tyro, and there would thus appear to be a good case for 
fmthor enquiry into possible ways and means of promoting the use of pneumatic 
equipment for bullock-carls. 


DISCUSSIONS ON PAPER No. 30. 

Mr. J. P. Anderson : — Mr. Chairman and Gentlemen. — I would like, if I 
may, to make one or two brief remarks in legard to this paper. The author 
has pointed out that any proposed improirements in Bullock Cart Equipment 
must carry with it a powerful economic incentire to its adoption if it is to hare 
any real chance of success. In other words, unless the Improved Equipment 
offered can definitely be made to pay from the Bullock Carter's point of view, 
there wonld seem to be little hope of any large scale conversion unless by enor- 
mously expensive subsidy schemes Therefore, in considering ways and means 
of improving the Bullock Cart it Is useful to distinguish between the various 
classes o! Bullock Cart Traffic. There are, for instance, vast numbers of bullock 
carts operated in circumstances that render them practically immune from eco- 
nomic attack. I refer to the hundreds of thousands of village carts engaged only 
in seasonal transport of local produce from village to village, whilst, during the 
remainder of the year, men and animals are employed in ploughing, irrigation, 
threshing, etc. 

A largo proportion of such carts are not fitted with Iron Tyres, and, to a 
large extent, operate mostly over village roads 

Another class of Bullock Cart Traffic is that which has come about as the 
result of the increasing giowtli of money-crops, such as Sugar Cane, Cotton, Jute, 
etc , involving transport from over a wide area to a centrally located Mill or 
Press Owing to its associittion with Capital and the pressure of competitive 
production, this class of rural Animal transport is more open to economic consi- 
derations 

There are other categories, but I think you will agree with me that the 
most important class of Bullock Cart Traffic, from the Road Engineer's point of 
view, that is the class causing roost damage to road surfaces — the Public Ene^my 
No 1 — Roads — is the beavily-loaded lion Tyred Cart of the professional Bullock 
Cart Operator, plying m large numbers — increasing numbers in many Districts — 
in and around and between the Tov/ns and Cities of this Land 

In general this type of regular Bullock Cart Operator is definitely open to 
economic pressure, and if Improved Bullock Cart Equipment, enabling carting 
earnings to be increased and ovpen'tes reduced, is introduced to him it must, in 
the nature of things, prevail iii the end over the obsolete and less efficient 
type of Equipment. 

Unfortunately, although the Improved Pneumatic Equipment, described by 
the author in this Paper, provides the requisite increase in the Pay -load efficiency, 
there are still many obstacles to be overcome before the pressure of the econo- 
mic advantages inherent in the Improved Equipment can make themselves felt 
There are the difficulties of Introduction, — the inertia and, sometimes, op- 
position that has to be overcome, and the extreme poverty of many Bullock 
Cart Operators Thera are Legal difficulties arising from obsolete or inadequate 
laws governing maximum permissable Pay-loads, which, in many areas, prevent 
any economic advantage being taken of any reduction of Draught that the use of 
Improved Equipment may provide. 
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with the local skill 6i the carpenter and the blacksmiths available in the outlying 
Tillages 

Such being the case, it is a difficult problem to wipe out these old cai-ts 
altogether and measures must be taken at first, I think, to make the best of a 
bad job. 

The first step in the right direction in my opinion is to limit the weight of 
a laden cart and prescribe a minimum width of tjTe so as to reduce the pressure 
on the road surface to 400 to 500 pounds per square inch and it is necessary’ to 
bnng round the public opinion to the necessity of prescribing the limits by local 
legislation. Some advance may no doubt be made by discriminatory’ taxation 
but unless the saving due to the reduced taxation is likely to more than 
compensate for the costlier types of carts, the advance will not be appreciable. 

In the modern projects sufficient provision is made for bridges on the 
irrigation channels and in the areas affected by them it should be possible to 
iutroduce better types of carts to achieve the same end. Our Agricultural 
Engineer ilr. Gumming has given great thought to the matter and I would bring 
to the notice of the Congress that he has designed a cart suitable for agricultural 
use and less destructive to road surface. Its capacity is 36 maunds and it is 
provided with iron wheels of 4 feet diameter, self lubricated, and with 5 inches 
wide tyres The cost of the cart is Rs. 150'*. The comparative tests carried 
out at Sakrand Farm showed that w’lth the Cuinmmg cart there was less sinkage 
and reduced di'auglit than that with the Dunlop cart. I have got a drawing of 
the cart and shall be glad to show it to those inteiested m it If any more 
details are required I shall be glad to get them 

As time passes and the agriculturists become more prosperous and cduca* 
ted, the rubber tyres may take the place of iron tyres, but at the present stage a 
cheaper cart with wide iron tyres like that designed by Mr. Gumming requiring 
practically the same draught as that for a cart witli pneumatic tyres is a better 
proposition from an agriculturist’s point of view and is likely to be more popular. 
Of course the pneumatic equipment is suitable even now for carts for town use. 

No doubt if the bullock cart users, the pneumatic equipment manufacturers 
and the Government or the local bodies responsible for maintenance of road 
communications could bo made to cooperate e.ich sharing the burden in pi'opor- 
tion to the gain obtained by the use of pneumatic tyres, the use of pneumatic 
tyres can be extended to a certain extent, but I think it will be ratlier difficult to 
bring about such a coopemtion m practice A sub&idj by Government and 
pneumatic tv re manufacturers to the Imllock cart usere may possibly result in 
greater use of pneumatic tyrqs than at present and I think the jiossibility of 

■ • ' ' ible Mr. Gumming 

[ am sorry to learn 

S ■ week ago 

Mr. P. L. Bowers (Jaipur): — Chairman and gentlemen, — I congratulate 
Mr. Moss on his very well thought out and inteiestmg piper on a subject which 
* thought for tnanv veai-s IIis Excellency yes* 
Lucknow wameil us that we were expected to 
raehtes of old to get on with our job of making 
bricks At tlie same time be informed us that the supplies of straw in the shape 
of financial assistance are stnctly limited and he further warned us that the 
numlier of the worst enemies to our mids, nameh bullock carts, exerting a mean 
intensive pressure of from 500 to 900 pounds a square inch on our road surfaces, 
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was on tho increase. This being so, it is ovulent that we are cauglit in a vicious 
circle, increasing loads on our roads more oxi)ensivo forms of construction and 
limited resouros with which to copo with these increases. To my mind if we are 
going to make any improvement in our road surfaces wo must ask Government 
to provide us with a different blend of straw', a well graded mixture of financial 
aid and legislation, to bring about a decrease in tiie intensity of pressure on our 
road surfaces. 


There are two ways in which Government can assist. The fii-st of wliich 
may seem fantastic but neveithelcss possible, and one which I, liaving a certain 
small interest in rubber, would welcome, namely tho diversion of the Hoad Fund 
from road improvement to tho betterment of countrj' vehicles, by assisting their 
o^vners to replace iron tyres by rubber tyres. The second which is probably 
more practicable is tlie introduction of legislature to reduce the intensity of 
pressure on our roads to the neighbourhood of 200 pounds per square incli by 
limiting the weights carried by countr>' vehicles in proportion to their effective 
tyre widths. Machinery to effect this would probably liave to be provided at 
the expense of the Boad Fund, but as this is a question of all-India importance it 
does not appear to me that theie will be any insuimountable difficulty in doing 
BO. The benefit of reducing the pressure is clearly shown in the State from wliich 
I come. In Jaipur where practically all countrj- tracks ai-e sand, the farmers 
have found by experience that wide tyred carts are the most economical to use. 
Tyres upto 4 inches width are not uncommon and the average intensity of pres- 
sure between the iron tyres and the road surfaces is probably never greater than 
flora 250 to 350 pounds per square inch. Under this pressure on tarred maca- 
dam roads, the aggregate used for which is certamlv no better than that found in 
Delhi, it is found that the road stands up under intensive traffic from our quarries 
for a considerable numbei of years w'lth little oi no signs of rutting and with only 
small expenditure on surface patching This to my mind proves conclusively 
that although the general introduction of rubber tvieil caits may be the ideal to 
aim tor, muoli improvement in road surfaces and reduction in the cost of main- 
tenance and repair can he effected by forcing a gradual increase m tyre widths 
by making the use of narrowed tyved vehicles even less economical to the owners 
than it is at present. 

V elad that this subject has been 

brought before a body ibe tho Indian Roads Congress Many times we get 
literature from the Dunlop Rubber Company and the Local bodies do not take 
It favourably because it emanates from manufaelnn.,-. „.l „ i u ■ i 

rested in the sale of their own good^ Now ™ 

whethei iron-tyred wheels have a destruct.io effeet on roads On°TOr Lf hit 

pection, which was in Lucknow, wo found tbal H.o ,-ra i r • ^ 

of the width of the road was all nghWierea” tire otwT T “'T °'i, 

irnt:t“orrpo’;ihtrth^'’°"<^^^^ 

account ot traffic of heavy bn A Larf-cS-te The Dni'ted°P 

“f°rear°l”hir concrete roads, cosSfEs ^So/-%er''S 

effect on road surffire*^ *ThIs fact if trelHo has a very destructive 

to come to the eSsion wlSS u ^ established, it is for tho Congress 
forcaits Ifthernvfsm is necessary to introduce pneumatic tyres 

Government had power they could issue a Fnman from today 
owed on roads But we are living in 
• election by voters with Es. 2/- fran- 
romi ’I f . * -“d we cannot remove him from the 

where foice cannot be applied, persuasion should be tried. It 
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is now our pxx)blem as to how wo should persuade tho drivers of carts to replace 
iron*t>Ted wheels by pneumatic tyred wheels. In cities wo find that if pneuma* 
tic tyres are introduced, tho Society for tho Prevention of Cruelty to Animals 
comes in. According to tho pamphlet wo find that GO to 60 maund loads can bo 
put on a bullock-cart fitted with pneumatic tyros. If wo read the scales of the 
Society for the Piexention of Cruelty to Animals, we find that they allow 20 
maunda for carts fitleil with iron'tyred wheels and 30 maunds for those fitted 
with pneumatic tyres. If there is only a difference of 10 maunds in tho loads 
allowed on pneumatic tyred carts, what then is the use of introducing pneumatic 
tyros ? Therefore, I suggest that the Council of tho Roads Congress should lay 
dow’n a scale of the loads for carts fitted witli iron-tyred and pneumatic tyred 
wheels. The scale of Society for tho Piovention of Cruelty to Animals is tho 
same for rough roads and asphalted or cement concrete roads. Therefore the 
first step should be to allow the maximum loads for carts which are fitted with 
pneumatic-tyred wheels. 

Secondly, the Dunlop Company must give tyros on easy payment system. 
If one tyre equipment costs Rs. 150/- then tho cost should be divided into ten 
instalments of Rs. 15/-, which tho driver can easily pay. 

Thirdly, tho municipalities should ho induced to reduce the wheel tax on 
pneumatic-tyred carts. Some municipalities have already taken steps m this 
direction. Therefore if tho Council of the Roads Congress write to all Munici- 
palities asking them to reduce tho wheel tax by fifty per cent (or whatever other 
figure they think best) on all pneumatic tjTed carts in tho interest of road sur- 
face on the ground that it will repay them m the long nm by a corresponding 
saving in repairs and maintenance charges on roads. 

These are the three suggestions which 1 make for the introduction of pneu- 
matic tyres, which if adopted hv tho Roads Congress will greatly help in their 
adoption by cart-omiers. 

Ur. W. A. Radlce i—Mr. President and Gentlemen, — The last speaker has 
made some most interesting suggestions In view of the ^ proposal I have made 
during tho business session of this Congress and the ready acceptance accorded 
to itliy you, I-xvould strongly support tho suggestion that this Congress should 
undertake a research into tlio comparative destructiveness of various types of 
bullock cart wheels on various surfaces from sav the sandy kutcha roads of Sind 
to tho best modem road surfaces available. 

Bullock cart wheels and t>Tes vary considerably for example the light 
bullock carta of Bombay have w'ide flat tjres . in Calcutta they have narrow 
tjTcs of curved section If there were available to road authorities accurate 
comparative costs of wear and tear due to these various tyres on various roads 
backed by the Authority of this Congress the framers of by o laa s would have an 
easier task in minimizing damage to tho roads . jierhnps by very simjde means 
imposing no hanlship on tho oxvnorn of carts 


T» <1 • . gofjggjjgug of opinion 

■ natic tyro v,ould yield 

• • er, to the public and to 

those in charge of road maintenance Seeing that practically everybody hero 
is an engineer in charge of road maintenance and construction it would seem that 
tho remedy lies, to a considerable extent, in your own hands. Most of you hare 

*Minutes of the Business Meeting of the Third Indian Roads Congress, Lucknow, 
Fehritary 1937. 
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the Second Indian Roads Congress held in 1936, in which Colonel Haig pointed 
out veiT definitely the fact that thcro is the light cart as well as the heavy. 
Most road engineers will agree with Colonel Haig. As the cost of production of 
lighter pneumatic equipment should bo less, and as this difTercnce would doubt- 
less decide many thousands of cart owners to modernise tlicir light carts, would 
it not be a sound idea to cater early for this potential light-cart demand ? 
Unless some such move as this is clTected I feel sure that, after British and 
Indian interests have done the pioneering work, Japanese and German interests 
will invade the market with lighter and cheaper equipment. 

There is one further point I would like to mention, and that is the part 
that wide, solid, rubber tyres might play in this work of improving the bullock 
cart wheel. One of the best papers I have seen on the correlation of impact, 
speed, and nature of tj*re was that published in Volume 227 of the Proceedings 
of the Institute of Civil Engineers. The perusal of such papers would seem to 
indicate that the solid rubber t>T6 would not preclude the possibility of having 
a taper roller bearing, and that such a tjTe might be an honest rival to the 
pneumatic tsre within bullock cart speeds. It is perhaps on this line that 
British and Indian interests may be attacked 

Mr, A. W. H. Dean (Delhi):— I feel that my personal experience in the 
last year may be of interest. A little time ago the municipality of New Delhi, of 
which I have been president for the last year, experimented with loaded bullock 
carts fitted with ordinary iron tyres and with pneumatic tyres to determine the 
difference in the wear of the road caused by them. They sent out two carts 
similarly loaded each round its oam circle fora )>enod of three months The result 
was that the ordlnarj* iron tjTed cart completely destroyed the road, while the 
pneumatic tjTed cart did little damage. The municipality got tlie local Govern- 
ment to make bye-lawa restricting certain roads in New Delhi to carts fitted with 
pneumatic tyres only. They also wrote to the Local Public Works Department 
asking them to put a clause in their contract form limiting the use of vehicles 
either carts or lorries working on Puplic Works Department contracts to those 

base liad since two strikes 

of ■ the first strike m the hot weather the 

ol ■ . mtracts was indefinitely suspended 

and up to now has not been roimposed Very considerable modifications were 
also made by the local Gos'ernraent m the New Della b>e-Iaws So it will be 
seen that it does not pay to go too fast with tliat sort of thing With regard to 
the last speaker who was speaking about the various typos of pneumatic tyre 
equipment, I was myself going to ask the author of the paper jf ho could indicate 
approximately what type of equipment he meant when he said it could be bought 
for Ks. 150,'- or Rs 200'- per cart. I went into tlie question and found that the 
people who sell these things put forward four or more different types and as far 
^ I remember it was only a verj' light tj'pe of cart which could be purchased for 
Rs 150 -. ^ The typo of thing which we needed for carrying the ordinaiy Delhi 
contractor's lo.id would cost about Rs 450'- 

I should like to put another question to the author of the paper. Can ho 
give any information, if he has any idea, as to the life of these pneumatic tjves. 
I Imow’ that the wear on them due to abrasion is very slight, hut I perbonally 
think that there is a tendency for rublier tyres to jwnsh in this country. Will 
these tyres give 2^ to 3 years’ service irrespective of whether they do 3,000 miles 
or 10,000 miles ? I wonder if the author of the pajier can give us any mfonna- 
tion on that iioint. 

Colonel W. de H Haig : (United Provinces): — Mr Ratlice suggested j 
now that the road engineer might assist in the introduction of rubl»?r-tyred 
^ 



bv either (lom^iniUns;. or perhaps imlucing, contractors to use only those which 
wore fitted with such tyres for the collection of mul material. Over a year ago 
I attempted this very thing. Wo calletl for teiulera for the collection of all 
forms of road material for the whole of one division for a period of four years. 
This was not onr usual custom hut we exlendotl the periotl and gave the option 
to tender for the whole division merely to incre.iso the scojk' At the same 
time contractors had the option of lenderitig for one part of the (H\ision only if 
thev wished to do so. I had Yer\ roughly worked out — it ^\as impossible to 
woiic it out exactly— the re.isonablo extra cost from our point of \ieu, th.at is to 
sa\\ what wo would save m ro.\d rejxiirs by the use of niblter-tyred carts, and 
I was prepared to pay eight annas i»cr JOO cubic feet. Wc called for tenders, 
and I think I am right in saying that wo only got three, where.is, normally for 
that kind of work wo would perhaps get 8. 10 or even more The amount the 
tenderers demanded for using mhljor-tyn'd carts was approximately Bs. 2/- jior 
100 cubic feet of material c.awcd. Tins included collection within the whole 
division and the distance might be an\ thing from two to three miles up to 
perhaps ten. It was mostly for e.\rringo of k.inkcr horn tiuarries or stone from 
the railway station. This nie.mt that the cootractors wanted us to pay not only 
for the whole equipment which they would still be in ikjsso ssion of at the end of 
four rears, but also pay them o.xtra lor the contract W'e could not accept that, 
and wo dropi^nl it. This je.xr one man vohmt.inly offered to bring in kanker on 
pnoumatic'tjTed carts at some extra rate to be ai-rangwl. It was only a small 
contract — I think for 2 miles — and wo have actually concluded that contract 
with him for 8 annas per 100 cubic feet c.xtni My ho|ie is that if we pursue 
that policy and give preference to contractors nho are pri'pared to use pneu- 
matio-tiTed carts, others will come along m due course, ami then they will start 
to cut each other’s throat and we shall win 

Mr. N. Das Gupta:— Mr. Moss's interesting article is fuU of valuable in- 
formation regarding relative effects of pneumatic tyred and ordinary steel tyred 
bullock-carts, and it canoot be denied that the latter type of cart causes the 
greatest injury to the roads told us that m India there were Sj 

million bullock-carts I. therefore, doubt whether we can totally eliminate from 
our roads the primitive bullock-c.irts wiihout some legislation that eierj* c.irt 
carrying over a certain fixed lo-id should lie fitted with pneumatic tyres. But I 
would siiy that such legislation would be clearly unfair. Asking buUock-cart 
owners to fit pneumatic tvies would bo like asking tongawalas to run taxis. 
But. where is the means foi this? The bullock-cart owners are mostly very 
poor and if they are forced b\ legislation to fit their c.rrts with pneumatic tyres 
they would perhaps have to gne up their profession. So, I say that any legis- 
lation or orders placing such restrictions would be most unfair. W'e should 
allow every man to earn his bre.ad in his humble way. There is no doubt that 
ordinary ballock-carts cause damage to the roadN, but we as engineers 
should build roads that are capable of standing up to all kinds of bullock-cart 
trafbe instead of restricting the u«o of roads by bullock-cart owners. Mr. Dean 
spoke of two strikes by bullock-c.xrt owners which took place in Delhi- This 
is inevitable when the question of earning of bread is concerned. 

Before concluding I would like to toll you that I am not opposed to 
improvements^ and I should be glad to see all the bullock-carts in India fitted 
with pneumatic tyres, but wa must not introduce tray measures which will 
bring hardship on the poor bullock-cart owners. 

Mr. B.Ii. Soodhi (Punjab): — Mr. Chairman, I join with the previous speaker 
in admiring the excellent paper written by Mr. Moss. The figure for the 
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destructive effect of bullock-carta on roads uhich lie has obtained from Delhi 
experiments, is said to bo Rs. 57/- per annum for every mile of daily travel of a 
cart, I.C., Ks» 5.700^- per annum for 100 local carts, vide page 75. In the early part 
of the paper it is said that there were Sj millioii carts according to 1930 Census. 
Of course, all of them do not ply on our metalled roads, hut I think I am correct 
if I say that at least one per cent are tising our metalled roads. If the figures for 

destructive effect quoted above were taken as coriect then the cost of damage 
done by bullock -carts would amount to crores of rupees. We must admit that 
our metal roads in spite of the destructivo effect of the iron-tyred bullock-carts 
on the road are nob generally doleriorating to that extent. So there must ha 
something ^Yrong with the figuies nirived at, and 1 hope the autlior will 
enlighten us on this point. 

Mr. J. P. Anderson : — As many of tlio questions asked hav’e already been 
answered by other speakers, I propose to deal, in detail, only with those 
remaining. 

The gentleman from Sind, whoso name I did not catch, spoke of Mr. 
carts. One of them is hero at Lucknow on show at the Exhibition 
and I have had a look at it. It possesses all tlie disadvantages which wide 
iron-wheeled carts do possess When I saw it — wliich was a week or two after 
Its arnval — the wheels, which have Iron Tyres about inches to 4 inches 
had already flattened in several placess It can be imagined what w’ould 
be the result of using that cart for a year or two over rough roads. I have 
seen no wide iron-tyred wheel, which can be economically produced 
ana which would stand up to really hard work They can. of course, be made 
but only at great expense. A year or two ago, I had experience of a fleet of 
carts, m Ceylon, fitted with wide Iron-Tj-red wheels, built in America, and used 
on a Copra Plantation. These wheels were of a very good tj^pe hut even then 
proved enormously expensive to maintain They had a tyre about 4 inches 
wide and every year or so every wheel had to he entirely lebuilt. This fleet of 
carts was subsequently converte<l to Pneumatic Tyi'es entirely for reasons of 
economic maintenance. 

Another point made in favour of the wide Iron-Tyred wheel Equipment, 
a vocated by the Karachi speaker, was the cheaper cost as compared w’lth 
Equipment The cost of the Wide Iron-Tjred Equipment w’as 
sompf’ ° Ss. 150/-. These statements of comparative costs are, however, 
ml A cart fabricated in a Government Industrial or Agricultu- 

an^^rt' 1 °^ only cost Rs. 150/-, hut, in comparing this cost w’lth that 
the f lu produced and marketed, allowance should be made for 

hg j*® Pficc of the Pneumatic Equipped Cart includes normal over- 

production expenses and provision for marketing costs and distribution 
discounts, and commissions, etc , and a margin of profit. I 
^ mention this point although I do not know if, to the case in question, 
ese factors have been taken into consideration 

Another delegate from Jaipur, whose name I also did not catch, advocated 
eg^lation to reduce, compulsorily, the loads at present being earned by Bullock- 
arts. oTCn view is that anything of that nature would bo regarded as 

causing hardship" to the poor carter, and would likel> cause riots and commo- 
tion ID many places 

Mr. Yaswani asked if Pneumatic Equipment could not be made available 
for purchase on the instalment system. Hire Purchase Facilities are already 
available. IIo also suggested that much could be done to encourage the adop- 
tion of Pneumatic Equipment by Municipalities reducing the Wheel Tax o" 
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by either demanding, 
were fitted with sucii 


■ ' ‘ ■ to use only those which 

naterial Over a year ago 

I ottemptoi this rer. ■ “■? collection of all 

forms of road material for tho whole of one division for a period of four years. 
This not our usual custom but we extended the period and gave the option 
to tender for the whole division inerels to increase the scope. At the same 
time contractors had the option of tendering for one part of the division only if 
they wished to do so. I had ver>' roughly worked out—it was impossible to 
work it out exactly — the reasonable extra cost from oiir point of view, that is to 
say what we would save in road rep.xirs by the use of rubber-tyred carts, and 
I was prepaied to pay eight annas per 100 cubic feet. We called for tenders, 
and I think I am right in saying that we only got three, whereas, normally for 
that kind of work we would perhaps get 8, 10 or even more. Tho amount tho 
tenderers demanded for using rubber-tyred carts was appro.ximately Bs. 2/- per 
100 cubic feet of material carried. This included collection within tho whole 
division and the distance might he anj thing from two to three miles up to 
perhaps ten. It was mostly for carriage of kanker from quarries or stone from 
the railway station. This meant that the contuctors wanted us to pay not only 
for the whole equipment which they would still be in posse ssion of at the end of 
four years, but also pay them extra for tho contract. We could not accept that, 
and we dropped it. This year one man voluntarily offered to bring in kanker on 
pneumatic-tyred carts at some extra rate to be arranged. It was only a small 
contract — I think for 2 miles — and we have actually concluded that contract 
with him for 8 annas per 100 cubic feet extra. My hop© is that if wo pursue 
that policy and give preference to contractors who are prepared to use pneu- 
matio-tyred carts, others will come along in due course, and then they will start 
to cut each other’s throat and we shall win. 


Mr. K. Pas Gaptai—Mr. Moss’s interesting article is full of valuable in- 
formation regarding relative effects of pneumatic tyred and ordinary steel tyred 
bullock-carts, and it cannot be denied that the Utter type of cart causes the 
greatest injury to the roads Mi. Moss told os that in India there were 8| 
million bullock-carts. I, therefore, doubt whether we can totally eliminate from 
our roads the primitive bullock-caits without some legislation that everj’ cart 
carrying over a certain fixed Io.ad should be fitted with pneumatic tyres. But I 
would saj’ that such legislation would be clearly unfair. .'Asking bullock-cart 
owners to fit pneumatic tyies would be like asking tongawalas to run taxis. 
But, where is the means for this? The bullock-cart owners are mostly very 
poor and if they are forced by legislation to fit their carts with pneumatic tyres 
they would perhaps have to give up their profession. So, I say that any legis- 
lation or orders placing such restrictions would be most unfair. We should 
allow every man to earn his bread in his humble way. There is no doubt that 
ordinary bullock-carts cause damage to the roads, but we as engineers 
should build roads that are capable of standing up to all kinds of bullock-cart 
traffic instead of restricting the use of roads by bullock-carfc owners. Mr. Dean 
spoke of two strikes by bullock-cart owners which took place in Delhi. This 
is inevitable when the question of earning of bread is concerned. 

Before concluding I would like to tell you that I am not opposed to 
improvements^ and' I should be glad to see all the bullock-carts in India fitted 
with pneumatic tyres, but we must not introduce any measures which will 
bring hardship on the pooi faullock-cart ownem. 

Mr, R. L. Sondhi (Punjab): — -Mr. Chairman, I join with the previous speaker 
in admiring the excellent paper written by Mr. Moss. The figure for the 
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carts fitted with Pneumatic Tyred Y^heels, Many prominent Municipalities hare 
already done this, including Bombay, Amritsar, Eangoon, etc., and others are 
following suit. Theneed forarovision ofiegislation regarding Permissible Pay 
Loads is a very real one. There seems to be no underlying principle for fixing 
Permissable loads, wliicb vary to a great extent in different parts of India. In 
Bombay the maximum load permitted on an ordinarj^ country cart is 15 maunds, 
while in Calcutta, it is as much as 60 maunds. These Bye*Laws do not regu- 
late loads in relation to the draught effort required for particular vehicles, nor, 
in many cases, is any account taken of the varying size of animals. As the use 
of rubber Tj’red vehicles, with roller bearing hubs, greatly reduces the draught 
effort required, there is a very re.al need for a revision of these load regulating 
laws in order that vehicles of the improved type, with easier draught, may be 
able to carry loads in relation to the draught effort required to draw them. In 
this Paper it is shown that pay loads for the same draught can be increased as 
much as 100 per cent to 150 per cent. 

The suggestion made by Mr. Badice that the Public Works Department 
themselves have a means in their own hands of encouraging the use of Pneumatic 
Bullock-Cart Equipment has already been referred to by one or two speakers, 
and I may add that the Public Works Department, Bombay, have recently 
issued a notice to flU Contractors that, in future, preference will be given, other 
things being equal, to those Contractors who use the Improved type of Hub and 
Wheel Equipment. Colonel Haig mentioned that he had to pay extra for this 
Improved transport. I do not thiok, however, that this will be foand to be 
generally necessary If tenders had been received from Bullock Cart operators 
who had more experience of using Pneumatic Tyred Carts, I am sure he would 
have obtained even cheaper rates than what he ordinarily pays. The main 
obstacle to be overcome is the natural conservatism and inertia of the ordinary 
Bullock Cart user, but once the idea has been introduced to him, be rapidly 
becomes enthusiastic about it. We have bad ample evidence of this in the Sugar 
Cane areas, where there nre now hundreds of ordinary' Bullock Cart owners who 
are purchasing, on their own initiative bv the Hire Purchase system, carts fitted 
with the Improved Wheel Equipment, entirely because they have realised the 
economic advantages which will accrue to them by using this type of cart. D 
would thus seem to bo only a question of time If Public Works Departments, 
Municipalities and other influential users of atumal transport persistently encou- 
Tag.ed the use of Pneumatic Equipped Carts, I feel sure that the problem will 
solve itself in time. 

Mr. Murrell asked about the sizes o! tyres available There are altogether 
about 15 sizes of Pneumatic Tyrea for Bullock Carta and Hand Carts, ranging 
from tyres suitable for toads of 5 hundred weights up to the largest type which 
are suitable for loads of 70 hundred weights which I think covers what is nece- 
ssary for Animal Transport m this conntry. Prices range from Es. 65/- per set of 
Wheel Equipment, comprising axles, roller bearing hubs, wheels, tyres, etc., up 
to Es. 234/-, which is the most expensive and carries a load of tons per axle. 
Eegarding the life of tyres, we have not had, as yet, very much practical knowledge 
of these particular tyres, but judging from the experience gained during the three 
years in which these Bulloek Cart Tyres have been marketed in this country it 
seems unlikely that the tyres will ever wear out in the ordinary way Tyres that 
have been in use in this country for the past three years appear to ho in touch the 
same condition to-day as they were when supplied, except that the rubber begins 
to show signs of ageing. Our estimate is that these tyres will begin to perish 
at the end of four or five years, probably nearer five years than four. 

A Member: — What about punctures in tyres ? 



Mr. J. P. Anderson : — Tlio incidencQ of punctures m those tyres is very 
rare, although a lot of bother is sometimes experienced in the early stages of intro- 
duction from malicious punctures caused by imltviduals who are hostile to the 
idea of this Equipment. 

A Member . — What is the cost of replacing tyres ? 

Mr. J. P. Anderson : — The cost of replacement varies from Rs. IS/- to 
Rs. GO/-, according to tho size of the tyre, 

Mr. Sondhi asked about the figures quoted on page 75 of the Paper. These 
were derived from the October 1935 number of the magazine "Indian Roads”. 

Chairman: — I think tho amount of discussion on this paper has shown 
that it Is the most important we have bad. I am not going to say much because 
it has already taken a lot of time We appoar to be up against a big thing it we 
want to introduce a hotter typo ol wheel, and I do not think that anyone will 
deny that it will be an improvement in equipment. Bnt wo have got to face the 
financial side and the opposition which may be expected due chiefly to ignorance 
of the cart owner. That is a matter of time I tiiink that Colonel Haig’s 
experience is vary encouraging. I think perhaps the best thing as far as we are 
concerned is that the Congress agree to leave it to the Council to inquire into 
this matter and by next meeting put up some form of resolution which should 
be the opiuioa of the Congress and which could be broadcast as suggestions for 
hastening this matter. In the meanwhile there is of course nothing to prevent 
the people from doing the beat they can It will take time, but it will want a 
lot of pushing. 

I conclude by thanking Mr. Moss and his spokesman very much for the 
very able paper and the interesting discussion which it has evoked. 


CORRESPONDENCE 

I Further comments made by Mr. W L Murrell, by correspondence, on the Paper. 

Mr. Anderson's reply that there are so many different sizes and types of 
pneumatic tyre equipment available m India quite devastated me I would 
apologise for exposing my ignorance except that such exposure may have a good 
result. 

Conversation with other members of tlie Congress showed that many of us 
wore unaware of the degree of vari.vlion of pneumatic equipment available 
in India. 

There is a fairly general opinion that vigorous propaganda is required if 
the rubber is to replace the steel tyre to any appreciable extent within reason* 
able time. 

II. Further Comments made by Mr P. t Bowers (Jaipur) by correspondence. 

With reference to the remarks I made during discussion on Mr. Moss's 
Paper No 36, on the subject of “Ways A means of Improving tho Bullock carts", 
I forgot to mention that there is a third way in which Government could assist 
in a more rapid replacement of iron tyres by rubber tyres and that is by example. 

I do not know whether rubber tyres would bo practicable for uso with guns, 
but I SCO no reason why Limbers G. S. Wagons and A T Carts should not be fur- 
nished with rubber t)rcs instead of iron ones as at present I understand that 



during recent operations on the Frontier A. T. Carts could not be used on account 
of the damage done by them to the newly constructed gravel surface roads, and 
that only pack and motor transport was permissible. If this is so the substitution 
of rubber tyros for iron tyres on all forms of Military Transport appears to be 
desirable. 


CllAinMAN : — Colonel G. E. Sopwitb. 
Gbainuan : — I call upon Mr. Mitchell to introduce his paper. 
The following paper was then taken as read' — 

Paper No. S9 

OPTIMUM WEIGHT OF VEHICLES ON EXTRA 
MUNICIPAL ROADS. 

BY 

K. G. Mttckeli. C.LE , 

Consulting Engineer to the Government of India {Roads). 


When motor transport first appeared in India it was limited to a relatively 
small number of private cars mainly used In towns ; and did not greatly affect 
the roads of the country. In the last ten or twelve years, however, tbe number 
of cars, buses and lorries has greatly increased. For a time there was consider- 
able deterioration of roads or largely increased expenditure on maintenance. 
Tbe latter when it was possible was only short lived because of tbe general 
financial depression and for a time roads were a night-mare alike to those res- 
ponsible for them and those that had to use them. 

Then followed a certain amount of re'Construction, of surface treatment 
with tar and bitumen as a result of which about 6,500 miles out of the total 
milage of the metalled roads ID India has DOW a dust-proof and mote durable 
surface. .At the same time by uoremittiog care and attention to the proper 
renewal of waterbound macadam deterioration has been arrested on the remain- 
ing milage and some recovery of condition has been effected without any great 
increase m the provision for maintenance. But this improvement or arrest of 
deterioration has been brought about under traffic condition which as legards 
nature, unit loads and speeds are temporarily stable. Any great increase, for 
instance, in the number, unit weight or speed of buses and lorries would preci- 
pitate another crisis in that some of the improved surfaces of the lighter and 
cheaper type (and we must look to these for wider spread improvement) would 
be destroyed and the maintenance of waterbound macadam, Kankar etc., would 
become impossible. Such a development would be a disaster to all concerned 
and to Motor Transport interests in particular. 

The numbers of vehicles cannot he controlled to any great extent and road 
engineers naturally welcome increased volume of traffic which enhances the 
public service value of the roads for which they are responsible The control of 
speeds is a difficult matter. There remains tbe question of unit loads and 
whether these can in fact be controlled in the interest of all concerned ; whether 
in fact there is not for general conditions of India an optimum weight which 
will serve the needs of rural transport without unduly destroying tbe roads ; 
what that weight should be ; and whether vehicles can or should be restricted by 
law to that weight. 
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This question w.vs raised as long ago as 1931 in "Indian Roads*' (No. 1. 
Julf 1931). It did not then attract the attention it deserved and nothing 
happened. Fortutiatel}', hon'ever, tiiero has since then heen no marked tendency 
for the weights of vehicles to increase and no great harm has been done by the 
delay. The question has now been raised again — this time hy a committee of 
the Transport Advisory Council — and the subject of this paper is to elicit the 
opinion of the Congress as a body entitled to speak on behalf of Engineers 
responsible for roads. Any opinion expressed by the Congress will be given duo 
weight when the matter is further considered and the writer ventures to hope.^ 
therefore, that members will give the matter duo consideration not only from 
their own particular angle os road providers but also from their observation of 
the trend and needs of rural transport and their knowledge of the resources 
available to provide funds for roads. 

It may be alleged that in this matter the Government of each Province 
or State can well look after its own interests. Ultimately of course these 
Governments will have to impose any control that may seam good to them. But 
in the general interest of trade and the free movement of transpoit it is suggested 
that, if conditions do not vary greatly, uniformity is desirable. 

It is hoped that from the discussion of this paper, and possibly by a 
resolution of the Congress, it will be made clear how far conditions permit of 
general uniformity. 

An examination of the present tendencies regarding the manufacture of 
motor "trucks” t e , bus and lorry chassis affords evidence of what we may 
expect to have to provide for on Indian roads in the near future. The biggest 
producers of motor trucks being the United States and Canada and a very large 
percentage of the trucks used in India being imported from those countries, 
. their output m recent years should indicate the vehicle which is most commonly 
used. The following table shows by “capacity" the out-turn of motor trucks In 
the United States and Canada during recent years. No figures are available 
later than 1933 * 


TABLEl 


Class of trucks 

1923 

1926 

1 1929 

1930 

1931 

1932 

1933 

by capac^t^ 

Pet 

Per 

Per 

Per 

i'er 

Per 

Per 


_cent 

cent 

1 cent 

cent 

cent 

cent. 

cent. 

3/4 ton or less 

1G& 

17.8 

17.1 

24 0 

2.j.2 

32.3 

27 6 

1 ton to 1^ tons 

fi7 7 

62 4 

95 

0.2 

1 


02 

H tons to 2 tons 

06 

84 

63 4 

Gl 7 

CG6 

58.8 

G3.7 

2 tons to 2i tons 

30 

36 

34 

2 7 

20 

3.1 

4.4 

tons to tons 

.10 

33 

1 

3 8 

2.7 

2.4 

2 2 

3 j tons to 5 tons 

1.G 

1.0 

0 

1.0 

1 0 

1.1 

0.8 

5 tons 

1 l-l 

1.6 


0 2 



02 

Over 5 tons and special 

1.0 

1.9 

1.2 


12 

1 1 
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*Ficnre< for tlie y^ars 1931 and 193.’> which hacaine available before these Pro- 
ceedings were printed, will be found under the head • Correspondence." 

♦‘‘Facts and Figures of the Autoinuhile Industry" l93d-31, U.5- National 
CliBniberof Commerce 
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From these figures it would be seen that the most popular trucks are 
those of li tons and 2 tons capacity, and that since 1923, about ninety per 
cent of the requirements of the United States, Canada and the countries getting 
their supplies from them have been met by vehicles of 2 tons capacity or under. 
It may be supposed that of the vehicles of over two tons “capacity” a large 
proportion are used within restricted areas for Industrial purposes and it may, 
therefore, be safely assumed that nearly 95 per cent of vehicles generally used 
on extra*municipal roads are of two tons capacity or less. We may consequently 
conclude that for general business and agricultural purposes light trucks, below 
two tons capacity satisfy the needs of motor transport. Hence, for the purpose 
of motor vehicle regulation it would cause no great hardship to prohibit the use 
on extia-municipal roads of all vehicles of a ladeu weight in excess of 5 tons. 
The capacity of such vehicles would be between 2 to 2i tons. Tins would 
mean a static axle load of nearly 3^ tons 


The increase duo to impact is ver>' variable depending upon tlie roughness 
of the surface, the speed and tj-res of the vehicle. AecoiTling to impact tests 
made by United States Bureau of Public Roads, the increase in static wheel 
load due to a fall of } inch at normal speeds is about 80 per cent." This is 
generally taken as the probable impact on well maintained roads. Making this 
allowance, the peak axle load of a 2\ ton capacity vehicle would be neaxly 
tons or say, 1,4000 pounds Tins is pi-obably the maximum that waterbound 
or sxxrface treated macadam can be expected to cairj’ with leasonable mainte- 
nance. This type of surface will continue for many yeais to be the more com- 
mon type of Indian load construction It eeems, tJierefor©, that for extia- 
municipal roads, vehicles having a laden weight upto 5 tons or even less will 
suffice and be a reasonable compiomise between what the I'oads can carry, what 
the transport industry I'equires, and incidentally what the xe%enues of the 
country can afford for road maintenance If use of all the loads bv unrestrict- 
ed heavy motor vehicles is allowed there might be a sliglit reduction in liaulage 
costs but the increase in the initial cost of road construction and maintenance 
would be out of all propoi-tion to this and the i*eal cost, t.e , operating chaiges 
of motor transport plus cost of roads would Ije greatly enhanced 

The question of speed and tyres wns also discussed at some length in the 
first issue of “Indian Roads" (.Julv J93l) and it is not necessaiy to repeat what 
was then proposed. These, it uas suggested, should be regulated as below; — 


Speed in miles per hour of 
vehicle havinn 


Registered laden weight of vehicle. 


(i) Not Exceeding 0,500 lbs. 

(il) Exceeding 0,500 lbs. but not 
exceeding 8,000 lbs. 

(ill) Exceeding 8,000 Ihs but not 
exceeding 10,500 lbs 
(it-) Exceeding 10,5U0 lbs but not 
exceeding 17.000 lbs. 

(v) Exceeding 17,000 lbs. 


pneumatic tyres Resilient tjTeon 
on all wheels. | any wheel. 


35 

15 

30 

15 

20 

10 

15 

10 

12 1 

10 


Bonn* r'(itl'“Klrn')!’ Engineers hnn.l.book” l.j-Harger anii 



Weighs t?a=«=^tted to s-urfiw per 
I inch m.i:h e£ :y w. »> . tcSil weight 
' in pvtind^ oa sn> vtfcwl dirti3-ed by 
^ Ibe el t! ^ t\w er agjaf^^t? 


1 

1 

widths c£ the tyrvs «“= shxi wheel 
in inches to the ce-xiest h»l; inch. 

(i) If the width does cot exceed 4 inches 

450 rounds. 

(ii) If the width exceeds 4 inches bat 
does net exceed 5 isehes 

475 

(it’O It the width exceeds 5 inches bat 
does not exceed G isebes 

500 .. 

(ir) If the width exceeds 6 ioches but ^ 
does not exceed 7 inches ... | 

520 „ 

(r) It the width exceeds 7 inches but 
does cot exceed 8 inches 

540 

(tO If the width exceeds 8 inches 

5G0 „ 


The opioton of the Congress is desired on the question of n general liiinta- 
tion of the gross tveight of vehicles which should be sUo^^ed on extra-inunicipivl 
roads in general. Its opinion on the other points will bo of great value. 


DISCUSSIONS ON PADER No 39. 

Mr. K. 0. Mitchell (Author) — I only n-ant to say that this Paper has been 
sketchily and hastily pat together in order to elicit opinion I expect in a body 
of scientiOcally minded pcojile to l>o criticised for dealing with this subject in sucli 
an imperfect manner. I would hko however to suggest to you the way in which 
this question has arisen and placed against its proper background. The 
land transport system of India has during the last hundred )cars been 
greatly improved. Formerly there 'vero no railways, the jiopulation was 
possibly about GO jier cent of what it is now and iieojilo were not accus- 
tomed to tra%’cl. Tlio villages were self-contained and relied on subsistence 
farming. They exported nothing and ii!i|tortcd practically nothing During 
these hundred years the population has increased, jieoj'le haio got into 
the habit of travelling and railways hare created an incentive to grow 
money-crops In the place of subsistence fanning. A \ery recent instance oftliis 
is sugar refining whicli has l>een referred to this afternoon The cano which wat 
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foi merly crashed in villages — and it is grown now in very much larger quantity — 
is now brought to mills at some distance from the villages and is carried mostly 
on roads. Only a small part can be transported to mills by rail. There has been 
progress in the constiuction of metalled roads during the last 90 years. During 
the last ten years the need for improving these roads to meet the sudden increase 
oi motor traffic has been greatly felt. The total milage of such roads was already 
inadequate to meet the needs of the country when motor transport came along 
and definitely put a stop to the extension of milage of metalled roads by 
increasing the maintenance cost of those in existence and using available 
money for that and for necessary reconstruction of the pre-existing milage. 
"We now apply much of our time to discussing how to save the existing 
milage from destruction caused by this inciease of and new traffic. To use a war 
term we are trying to ' consolidate ” our position In some provinces the thing 
has almost come under control, but in others it has not. More money has got 
to be found for reconstruction and maintenance. This is all with motor trans- 
port of a certain unit weight The point is that if for any reason the user of 
mechanical transport makes up hts mind to use lorries of greater capacity the 
damage to roads will be still greater and the tax-payer will have to bear the 
burden of maintaining and again reconstructing them at great cost, the vicious 
circle will continue and the extension of road system to which ue look forward 
will be indefinitely postponed It seems, therefore, from the point of view of 
India as a whole that it would be a good thing if the existing road system could 
be maintained at the present level of cost and gradually improved so that we 
may at the same time be able to extend it to serve larger areas. I do not sug- 
gest any arbitrary limit of weight but I do say that it would be no great hard- 
ship to keep things as they are and possibly the Congress could adopt some 
resolution stating Its opinion, if It is of the view, that in the interest of other 
road users and tax-payers and of people who would like to have roads to use, 
there should be some limit imposed for the present on the use of the roads by 
heavy motor vehicles for the benefit of a small number of people 

Mr. W. A. Radice ; — Jlr. Chairman and Gentlemen,— I consider that Mr. 
Mitchell has given us a very excellent Paper and I feel that the limitation of loads 
permitted on the roads is a vital one of very far reaching import. 

Mr. Mitchell suggests the total laden weight of vehicles should be limited. 
" ■ ■ ' ' ’ ■ ■ ' 'i such a proposal is bound to arise might 

eights of vehicles, the axle loads, or better 
• to which limitations might be imposed. 

I would like to refer to another point. This Congress has adopted the 
Standard Specification presented to it at this Session by the Road Bridge Stan- 
dard Committee it appointed last year to deal with the question This specifica- 
tion lays down axle loads considerably higher than the proposed restrictions 
under discussion. Whatever may be the decision regarding the proposed limita- 
tion of axle or wheel loads considered necessary to save our roads. I earnestly 
beg of you not to apply these principles to bridge loadings. A bridge has n life 
of at least 60 years and once it has been constructed it cannot be improved or 
strengthened to meet changing conditions as re.idily as a road surface can. 

In a country where industrial expansion is likely, even in rural areas, the 
roads will have occasionally to carry special loads in the shape of machinery, 
boilers, heavy castings etc. These, if carefully handled at slow speeds in special 
vehicles once in a way will not hurt road surfaces, but if the bridges cannot pass 
such loads the development of industrial plants might be seriously interferred 
with. An excellent example of what I have in mind is the familiar mechanical 
road roller. 



Mr. W. L Murrell (Bihar) Mr. Chairman and Gentlemen,'— On the 
question of laden weight my comments will be very brief. Mr. ifitchell propose'! 
a ma\imum laden weight of the vehicle of 5 tons, but might 1 suggest that the 
axle and not the vehicle should be taken ns the unit ? If axle load be the cri- 
terion, I would like to suggest that the optimum load should take account of 
pneumatic tyred six-wheeler commercial and military lorries of 8 tons laden 
weight. But it is on the question of speed that I ask you to fix your attention. 
Mr. Mitchell points out that we are on the brink of a crisis which may be preci- 
pitated by a general inctease of speed, weight, or quantity and he appears to 
leave the question of speed by stating that the control of speed is a difficult 
matter. Might I point out that, with thousands of low-priced sit and eight 
cylinder motor vehicles pouring into this country* for the last three years, the 
general increase of speed is already on us. In the ^journal "Indian Engineering” 
I once described an experiment on governing about 50 lorries plying for hire over 
a period of two years in 1923 and 1929, and I would state now and with confi- 
dence that, with improved speed governors and a strong body like the Indian 
Bonds Congress to suggest the necessary legislation and institution of road 
patrols, the problem should not now be so very difficult. It never was impos- 
sible. During the past two or three years a new factor has redoubled the 
importance of the consideration of speed on water-bound macadam and gravel 
roads. This factor is the greatly increased width of the pneumatic tyre. 
The sucking action of a pneumatic tyre is a direct measure of the degree of 
vacuum at the point where rotating tyre is leaving the road surface after 
contact, and this degree is more or less directly proportional to tyre width, 
curvature (in the sense 1/B) and the square of the speed. It is this sucking 
action that weakens water-bound macadam and gravel by causing the movement 
of water or blinder particles within it. And worse still, the weakening occurs 
}Q$t at the time when the point concerned is subject to the heavy borirental 
driving thrust from the veliicle, which thrust is the cause of road corrugation. 
I submit that, with locreased and incronsing tyre width and speed, the factor 
Width into Square of speed is as threatening to water-bound macadam as the 
indigenous bullock cart wlieel is to any higher form of road surface Or. so long 
as bullock cart wheels make it uneconomical to have higher types of surface 
than water-bound macadam or gravel, speed over such surfaces should be 
controlled. Doubtless the use of twin tyres in lieu of single super-baloons would 
be an improvement. Before closing my remarks I would like to cite an 
incident concerning loading which occurred recently m Bihar Seeing that the 
Hazaribagh District Board wore to discuss a proposal on November 21, 193G 
for a bye-law to permit of a fine of Rs 10 for exceeding the advertised safe load 
on any bridge or culvert, I suggested to the Board that the fine limit be raised 
to Rs 100 and the ofTender be liable also to pay for all damage done The 
Board decided on the Rs. 100 limit but had to reduce it as the Local Self 
Government Act provided Rs. 50 as the maximum penalty for infringing a 
bye-law made by a district board It seems obvious that such legislation 
should bo centralized 

Mr. D. E. Gough:— Mr. Chairman and Gentlemen, — The first and main 
question raised by Mr. Mitchell’s Paper is this : Is a uniform maximum laden 
weight for motor vehicles on rural roads throughout India desirable? 

I submit that the key to the reply to be given by this Congress is 
contained in the second paragraph on page 93 of Mr Mitchell's Paper, where it is 
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suggested that uniformity is only desirable if conditions do not vai-y greatly. 

Those of you -who have travelled throughout India -will be the first to 
admit that probably in no other country in the world do the types of country 
met with, the road making materials employed, and the conditmng of extra 
municipal roads already in existence, vary so greatly as they do in India. This 
being so, it naturally follows that a uniform maximum for the whole of India is 
not desirable. 

Neither would it be economically advantageous. There is a vast milage of 
roadway in existence in India which has been built for and is fully capable of 
carrying greater maximum loads than 5 tons Is the money which has been 
spent in preparing these roads, building the bridges etc., to be wasted by prohi- 
biting larger and probably more economical transport from running on them? 
Consider for a moment a similar proposal m connexion with a railway system. 
Would any traffic manager dream of prohibiting the use of his heaviest locomo- 
tives over the main lines of the system, because the minor or branch lines were 
incapable of carrying any but light locomotives? 

The adaption of a uniform maximum weight will remove vehicles above 
that weight from roads which are capable of carrying them, but will not of it- 
self provide any more roads to cany vehicles up to that maximum weight nor 
will it raise the standard of all existing rural roads up to that maximum, 'it is 
for these reasons that I heartily support the Indian Roads and Transport 
Povelopment Association’s counter proposal that, instead of fixing a maximum 
weight for vehicles, the Central Government should recommend all Local 
Governments to construct or improve rural roads to be capable of carrying a 
uniform mtnmum weight. The Central Government could insist upon this in 
the case of projects financed from the Road Fund. 

Mr. Mitchell producea statistics and other evidence to justify his 
conclusion that the '30 hundredweight" class of vehicle satisfies the needs of 
rural motor transport in tins countrj’ and that regulations prohibiting the use of 
larger vehicles would therefoie involve no hardship. If this is really the case, 
where ia the necessity for imposing such regulations? For the opeiator knows' 
as well as anyone what his needs are and will surely purchase accordingly. 
Actually 1 am afraid that the Government are aware that in the normal course 
of events there will bo a tendency, common to other countries, towards the 
operation of heavier vehicles as being the type ^shich is the most economical 
and. which tho country’s agiiculture and commerce require. One has only to 
look back over tho last half century to see that the trend has been for larger 
and heavier vehicles to be employed in all forms of mechanical transport eg 
ships, railways, tramways, aircraft I suggest it is economically unsound to 
check this natural progress, provided road maintenance costs can be kept 
down by other means. 

Please do not think for a moment that I am proposing that a vehicle 
should be allowed to run in excess of a road’s capabilities. The more important 
factors causing damage to rural roads are bullock cart traffic, climatic conditions, 

-...I ....us-i..,. '’’here is no need for me to enlarge upon 

* • by bullock cart traffic. Yet there is 

9 vehicles. As to motor traffic, I do not 
believe that any road engineer would care to say that the weight of a properly 
loaded heavy motor vehicle, moving at a reasonable speed, fitted with suitable 
pneumatic tyres, provided also that it does not exceed what the bridges and 
culverts will carry, does any appreciable damage. On the contrary in regular 



service it mar oien impjore a ima surface S/seeiJ is by iar the more nn]>ortaQt 
(actor in connexion with road damage. For exainiile I would e^en suggest that 
a pneumatic-tyred truck weighing four tons, travelling at 50 miles an hour, is 
likely to be doing more harm to a water-hoand macadam road than one weighing 
8 tons and travelling at 25 miles an hour. Yet the proposal is to prohibit 
trucks above two ton carrj ing capacity which form a negligible percentage of 
present day motor transport, while allowing the 110 hundred weight and two- 
ton trucks and buses which probably form 90 |*er cent ot those on the roads to 
run at uncontrolled speeds and so camo very ^ ‘ t ▼ i •* 

that Goiernment would he doing a greater ser 
of all commercial vehicles to rexsonahle h 
from the roads altogether. 

Mr. Mitchell's Paper has been written on the assumption that speeds are 
difficult to control. Has the Government of India or any Provincial Government 
carried out tests of tlie speed governors at pieseiit on the market and in general 
use in most civilized countiies ? If not, I suggest that would he a very good 
thing to do, because it would show them that speeds can ho s.atisfactonl 3 ’ cont- 
rolled with advant.vges not only in saving of road maintenance costs but also to 
the truck owneis in longer vel»icle-life and improved i)etroI consumption Many 
British manufacturers of motor trucks fit sjieed governors as standaid equipment, 
and I am sure they would not do this if they felt tiiat the governors were not 
efficient. The governors are so designed that they can be sealed nod it is not 
possible to tamper with the setting without breaking the seal. If brought into 
general use in India, tampering with settings would, I am sure, become mfro- 
quent provided that the first few cases discovered weie severely dealt with. 

While opposing the proposal for an all-Indm weight restriction, I agree, of 
course, that local authorities must lay down weight limits according to circum- 
stances. It IS here that this Congress can serve a useful purpose by suggesting 
the bvsis upon which reguliitinnsoD the subject should be laid down. To begin 
with, III fixing weight limits for the purpose of saving damage to road surface, 
it is utiscientihc »o luse the regul.it ions on gros« vehicle laden weight alone. The 
limits in the e.ise of pneutnaiie tjred vehicles should he according to axle load 
or better still to wlieel lo.id Dual lear wheels nuuielv, 4 wheels per axle, should 
he allowed to transmit a gieater axle load (h.m single rear wheels, and no vvlieel 
loading should be allow'ed to exceed the loading guainnteed by the tyre manufac- 
turers \ f.iult that I find with the paper is tliat it takes no account of tlio 
important aevelopment in the use of low pressure tvro for distributing the load 
and 80 reducing road damage I suggest that this might be taken into considera- 
tion when fixing allowable axle or wlieel loads Tbo hist part of Mi Mitchell’s 
Paper deals with the conditions for tiie use of resilient tv red veliicles I am sure 
wo must all ho agreed that the less these are used on rural roads llie better, and 
therefore we should welcome any ie.tsonuble regulations which would discourage . 
this rapidly disappe.iriiig typo from using our exti a municipal roads Lastly I 
would siiiigest that theie should ho a clAssificatioii of roads tbrougliout India to 
definite standards and we should have road mapn prepared on the lines of tiiose 
pubhslied for Ceylon, so that transport owners can tell at a glance what weight 
of transiKirt can bo operated over various roads 

Mr. V. S Srinivasa Raghsva Achariyar (Madras) — We hav e some troubles 
about tbo inertaso of the weight of lomes. The popular buses in South India 
are twenty-seaters and they weigh about four tons gross load, while the 
popular lorries vary from five tons toeight tons except the Diesel lomes which 
weigh four tons. .\8 there is no control over their speeds or routes, or the 
margin of excess over their pay loads as recognized by the makers, the lomei 



damage tbe roads more than the buses. From the requirement of South India, 
I would recommend for the consideration of the Congress that the maximum 
weight of lorries should be limited to four tons ; that these lorries should have 
dual wheels on the rear axle ; that their speeds should be limited to 15 miles 
per hour that they should be restricted to trunk and marketing roads and other 
metalled roads in each district, that there should be no difference between 
private lorries and those for hire in their taxation — and that heavier vehicles 
over five tons gross weight should be localized In municipal and industrial areas. 
I have got a list made out of the names of transport motor vehicles which are 
popular in South India. These are Ford, Chevrolet, Reo, Bedford and llercndes 
Diesel lorries which are able to carry three tons of pay load. 

Lt Col. W. de H. Haig (United Provinces) • — Mr Mitchell’s suggestion, I 
think, is that in order to avoid possible rapid daterioiation of roads on ing to a 

great increase in the number of heavv motoi vehicles, lestriction in some form 
or other should be applied . but thete is one aspect of this question which has 
not been touched on 

If this Congress makes a lecommcndation to the Goveinmcut of India that 
restriction in some form should be applied to motor vehicles, and if we do not 
make any recommendation in regard to bullock carts, it seems to me that people 
will think — “Here is a body which is supposed to know all about roads and tiie 
destructive effect of vehicles and they have lecommended restrictions on 
motor vehicles bub have made no mention of bollock carts. Evidently they 
think that bullock carts do no damage”. Therefore, if we consider it necessarj- 
to make recommendations regarding bullock carts we should also include bullock 
carts. 


In connection with a previous paper (Paper No 36) several speakers 
pointed out the diCBcuUies in the way of introducing legislation imposing res- 
trictions on bullock carts but I do not consider that that means we should 
refrain from making any recommendation merely because there are difficulties in 
giving effect to them. Our recommendations in respect of motors may be ac- 
cepted and those regaiding bullock carts refused but the absence of any such 
recommendation might be read as meaning that tbe Congress does not think that 
restrictions are necessary in their case 

Mr. Arifuddin (Hyderabad): — Mr. Chairman and Gentlemen, -.-With regai*d 
to Mr Mitchell's paper I want to say that in Hyderabad we have already got 
legislation limiting load and speed on tnooranj and metal roads. I was a member 
of the Committee appointed to consider the question I do not remember the 
limits we fixed, but I shall send a copy of the rules to the Secret.irj’ of this 
Congress for consideration bv the Council of this Congress. For mooram and 
earth road we do hot allow a 1ms or lorry weighing more than three and .a half 
tons, as we found that heavy lorries play havoc w ith mooram in scooping out 
the soil by suction action and also by removing the soil by friction. On metal 
road although the piessure of even heavy lorries per square inch of the tyie in 
contact with road is not excessive, but the impact on the road is a factor which 
cannot be ignored. We know bow waves are formed by even light traffic. 
When heavy weight lorries are used, and particularly of uniform wheel base, the 
effect on the metal road should be much more than that of light buses. For 
these reasons it is highly advisable to determine and limit speed and load on 
metal and mooram roads. It is highly essential that the speed roust also be 
limited. Mr. Mitchell proposes 35 miles ns the permissible limit of speed, for 
lorries between 6500 and fiOOO pounds. In my opinion this should not be more 
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than 30 miles Even light lorries weighing between 2 to 3 tons should have a 
speed limit. I found in Hyderabad that mooram or sand used as blindage is 
blown away much sooner when the width of the tyre is greater and also w’hen 
the speed is higher. The former requires greater maintenance expenditure. If 
blinding is not properly looked after, the suction action dislodges the pieces of 
metal and spoils the road. 

Major W. B. Whishaw (M.E S.) : — In this piper statistics are quoted 
from a book by Harger and Bonney. I therefore take the opportunity of reading 
one paragraph from the same book which is of some interest in this connexion 

■‘Occasional extremely heavy loads ^ar above the normal vehicle load are 
not disastrous to the macadam tyi>e, as this type of road is more or less self- 
healing and knits together again under rolling or well-distributed normal load 
traffic ; that is, macadam roads can be safely designed for the noimal maximum 
vehicle load." 

This paper shows that there has been no very great tendency in America for 
the heavy vehicle to develop in any quantity, and I think that in India this 
tendency would probably be less; sinco India is a less highly developed country 
and the benefits to be derived from Urge motor vehicles ere very much less. 

I therefore suggest that our present roads will be able to carry the small 
number of hea^'>’ motor vehicles that are likely to come on to them. 

Mr. H. L. Sondhl (Punjab);— Mr President and Gentlemen,— I congratulate 
Mr. Mitchell on bis ver)' excellent Paper. The author has not enlightened us on 
the point as to whether any laws restricting the bus or lorry’ limits heavier than 
sir tons on the lines fore-shadowed by him for application to this country, exist 
In America and Europe. It appears that no such restrictions exist there, and if 
the economic needs of those places could automatically bring about a balanced 
state of affairs there should be no cause for anxiety in the case of India. The 
table at page 93 of the paper shows that the manufacture of trucks of five tons 
and over capacity is hardly 1 per cent of the total manufacture, and the plying 
of such units on the toads in those countries would be an exception rather than 
the rule. The industrial development of those countries is much ahe.ad of ours, 
and if without applying any restrictive laws the heavier type of trucks do not 
make extensive appearance there we need not consider the problem, at least at 
this stage. If the economic trend in transportation automatically boils down to 
the extensive use of two-ton trucks, one would not see the advisability of 
recommending restrictive traffic laws Why irritate the road users out of whom 
ultimately funds for the maintenauce, construction and development of roads are 
obtained? While suggesting that this Congress should not agree to the limiting 
of maximum capacity for trucks, it should agree to the excellent suggestion of 
Mr. Mitchell that the widths of tyres should be such that the weight transmitted 
to the road by one wheel should not exceed certain reasonable limits ; and further 
that the speed of vehicles should be regulated I would, therefore, suggest that 
instead of asking us to lay down a maximum weight for a vehicle, which afterall 
is a matter for the user and not the engineer who has to administer to the needs 
of the former, rather than regulate his movements, it will facilitate our designing 
of roads if instead of unit maximum, loads per square foot of the road surface are 
specified. 

Mr. N. Das Gupta: — Mr. Cbairmati and Gentlemen, — I would like to koo'v 
from Mr. Mitchell whether trunk roads fall under the category’ of extra municipal 
roads. If so, I think the limit of two-ton lorries is rather on the low side I do 
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tiofc encourage road-rail competition, but I like to say Ibat Ibe railways are not 
always the best means of transport and so the roads are gaming popularity for 
transporting goods over a reasonable distance. \Ve can load our consignments 
right from one godown and deliver it at the other godown directly. But if we 
wem to send the goods by train, ve had to carry it to the nearest railway 
station and book it there. It would take several dajs for the goods train to 
come and deliver the goods at the other end. Then, again, cartage on the goods 
will have to be paid. So, there is delay and liighcr cost in railway transpori 
over relatively small distances. In such ca-ses the goods can l>e delivered nmeh 
quicker by ixjads. For these reasons the io.id transiiort is gaining ever-increas- 
ing poimlarity. If we now put a limit to the vehicles as two tons, this form of 
transport will bo n ’ ’ F"*' Mr. Mitcliell's paper 

wo do not get any n the Lmtecl States 

and Canada after . I believe during the 

past threo years more changes have taken place than tliat between 1923 to 
1933, and wo would not wonder if we find the amount of 2—2^ tons or 2+ — 3^ 
tons as 63 7 percent in 1936 I do not think that time has yet come when we 
should be eager to put a limit on motor trucks and lorries. For the present we 
can only watch the development of road transport and its effects on our roads. 
This useful fonn of transport sliould not be nipped m t)ie bud. 

Mr E. A. Kadirshsh (Bombay) —Mr. Gough appears to be against 
any restriction to be put on the weight of vehicles. 1 would like to know 
■what be proposes to do to remove c.vistiog restriction in ceitain provioces 
where restrictions already exist m some places. For instance, in Bombay Presi- 
dency there are such restrictions and heavy lorries are not allowed over certain 
Eoads. If such restrictions do exist in certain provinces would it not be 
advisable to have a general uniform weight zcstnctioQ in all the provinces of 
India? I may be permitted to make it clear that nobody would favour 
restrictions in weight carried by vehicles as by doing so the growth of a 
particular industry is curtailed but if we are compelled to choose between “No 
Bestriction in weight and Bad Roads” and “fairly good Eoads with certain 
restrictions", I would accept tho latter proposition I agree with a former 
speaker (Col: Haig) who said that when we impose restriction on motor vehicles 
wo should also do tint m tho case of bullock cirts etc. This is a sound 
argument, but a majority of bullock calls aro used by agriculturists who are 
very poor people and form SO per cent of India’s population Thoso people 
cannot afford to equip their carts with pneumatic tyres. I suggest therefore 
that instead of restricting weight earned by Bullock caitg a legislation may be 
introduced for abolishing all taxes on bullock carts fitted with pneumatic tyres. 
Such a legislation wonld induce the agriculturists to equip their’ carts with 
pneumatic out-fit and at tho samo time the destructive effect of iron tyred 
wheels on road surface will bo gre.itly reduced and the desired effect will be 
^ produced without any opposition. 

Mr. K. 0 Mitchell (Author). — I will endeavour lo icply to the points 
raised by \arious speakers as far as iKMsiblc, but if I fail to do so in any ease I 
shall ho glad to answer any queries afterwards. I quite agree with Mr. Eadicc 
that eventually if any form of restriction is intioduced it might well be on tbo 
basis of axle load or on the basis of load on the tyre I merely put a 
preliminari’ proposal in a general way in accordance with present conditions of 
exclusively four wheeled vehicles of more or less uniform type. I quite agree 
witji him that the design of a bridge has a life of GO years and wo should not 
design bridges i n accordance with any temporary restricted loads. 

'Figures for the ye.irs IfWI and lOy.'* which became available before the 

I’rOCUCUin-'S ucr» nr in tod. will Iif« fonml landar f l.r. T.r. ..1 J.,......!' 


103 


As regards ?peed vjiiious people have had a good deal to say about that. 
It is satisfactory to find ngreoment that speed is a most important factor and 
that a serious attempt to control it must bo made. Sfr. Aturrell and vaiious 
other speakers have referred to speed and speed governors. We have been 
discussing the use of governors in the Transport Advisory Council, and there 
have been many difficulties and objections raised. We have asked the Indian 
Stores Department to get hold of a number of speed governors available on the 
market, and to let us know whether there is a satisfactory governor for Indian 
conditions. I do not propose to say more about that until we receive their 
report. If satisfactory governors can Ims found they will be used. A 
representative from Bihar fnot Mr Murrell) once told us that speed governors 
should be discouraged because they are dangerous, his expression being that a 
driver driving a vehicle fitted with a speed governor never takes off his foot from 
the accelerator and .always drives at sav 35 miles per hour because that is 
alloued by the governor and must therefore bo legal That and other objections 
to the introduction of speed governors have been raised more than once 

Mr. Gough started by sajmg that uniformity is not desiiablo. I should 
have thought that from every point of Mew uniformity is desirable unless motor 
vehicles are to be unduly ‘localised. Mr Gough said that there are thousands of 
miles of roads in India w Inch liave been improved at great expense and should be 
capable of carrying very much heavier lo.id3 than the loads mentioned in my 
Paper, and that if they are not then we— I mean the people who have been res* 
ponsiblo far spondiog that money — have wasted it m a scandalous manner. What 
is the actual position ? .Assuming that there are 75,000 miles of extra municipal 
roads, 1 suggest that only eight per cent of the total has been so improved and 
made capable of carryiug much heavier loads than the rest Tiiat eight per cent 
is not distributed in one uniform length It is scattered about m isolated 
lengths here and there wliere the intensity of total traffic— there aro after all 
other road users than motor tianspoit — has made improvement necessary. Wo 
do not Nsant to have unnecessary restrictions, but in the present state of deve- 
lopment of transpoit in India, I cannot tbmk that there is any road which has a 
uniformly high efficient surface for a very gieat distance. I wish some one 
from the Punjab or N. W. F. P. had spoken because it is only there that there 
are continuous lengths of improved road. The road from Delhi to Kbyber 
Pass is all I behove tar but oven there some limit of load is presumably neces- 
sary. Elsewhere adjustment of lead permitted to the nature of road surface is 
not^ a practical proposition. Mr Gough also saidi that heavier motor 
vehicles if run at slow speed do little oi no damage. . I have no quarrel with 
that, but there is difficulty of restricting speed, and I have said in my Paper 
that occasional heavier loads would bo allowed subj’ect to speed restriction. 
There is however a possibility that a sudden increase of vehicles very much 
greater in weight than we have at present, handled by the same class of people 
who use vehicles now would do damage because they would not maintain any 
‘speed governors or would put the governors out of action. 

There w as a question put to me. “Why have the Government of India not 
adopted the practice of other civilised or scmi-civihsed countries and investigated 
speed governors”? 1 have already replied to them. But would like to add that 
India imports her motor vehicles from civilised countries and they generally 
come with the standard equipment required in those conntries. Where aro the 
governors which it is suggested those conntries require as standard ? 

Mr. Eagbava Aebarijar wants the load to bo restricted to 4-toD3 and speed 
to 16 miles an hour. That is going very loucb further than I bad eontemrl^ted. 
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Col. Haig’s remark that the Congiess should advocate control of loads and 
tyres of bullock carts, and not merely refer to the loading of motor vehicles is 
very important. I agree that people might draw a wrong inference if both 
these kinds of vehicles are not mentioned together m any recommendation the 
Congress may make. I said at the beginning that if the Congress wished to 
record its opinion on this paper it might i>erhaps do so in the form of a resolu- 
tion We have referred the previous paper on buUock-caits — e.g., whether there 
is prospect of anj thing being possible to restrict non tyred bullock-carts — to the 
Council \^^th the suggestion that it should put up a resolution for consideration 
next year. And the same might be done m this case. 

I have been unable to turn up the quotation from Harger and Bonney 
which Slajor Wbishaw made but a possible explanation is that the authors refer 
to bituminous and Tar macadam as being moie usual in America tiian water 
bound. I do not think that any one could say that water bound macadam 
under Indian conditions is “self-healing” or knits together again under normal 
trafhe. 

Mr. Sondbi asked whether there are any laws in England and United 
States regarding load. No laws there may be m England would apply heie 
because the roads are totally different I do not think that there is much point 
in saying that we propose to lestnct in a manner whicli is not done by other 
couutiies. But it shoula be a matter of leason to restrict the growth of heavy 
transport to loads which ^ou cannot cairy without leconstiucting roads you 
have alieady ^Ylth difficulty impioved There is alieady legislation about speed 
and load lestrictions m Hyderabad we aie told. 

ilr. Nadir Shah emphasized the «lesnability of leasonable umfoiraity. I 
agree wdth him. 

There was one speaker who expiesscd his preference for road transport 
over railways. That question docs not aiise here The object of my Paper is 
only to suggest that in order to save existing rural roads from destruction by 
the ever-increasing traffic of heavy motor loiiies, some restriction should be 
imposed so long as we are unable to e.vtend the road system where it is so 
greatly needed. 

One member objected to imposing any restriction on carts because most 
of them are agricultural carts. Our Delhi Census showed that if you could 
eliminate steel tyred carts which are used by professional cartmen not for their 
agricultural purposes but as a business you would do away with something like 
75 por cent of the steel tj red carts which do greatest damage to the roads. 
Agricultural carts proper often have no iron tyres. 

I would like to say that if the Congress agrees, the subject matter of my 
Paper could be considered by the Council and reported on next year. 

Chairman: — Gentlemen, I congiafculate Mr. Mitchell on his inteiesting 
Paper which has produced extremely interesting discussion. Mr JlitcheU 
has dealt with almost all the points raised by speakers. There was one speaker, 
Mr D.iss Gupta, who mentioned a point which he could not answer and which 
seems to mo to have considerable bearing on the subject Mr Dass Gupta said 
that the table on page 93 only gave figures up to 1933 and lie thought that since 
then the proj-ortion of heavier vehicles in the United States of America had 
doubled It would be a good thing il we could get figures for the years sub- 
sequent to 1933. 

On behalf of the Congress I offer hearty thanks to the author of the 
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COBRESPONDENCE. 


The following further comments have been made hy Mr. W. 1. Murrell 
by correspondence. 

It IS a great pity that tho mechanical governing of lorries has been 
“crabbed" by a previous delegate, especially as he had no practical hard in the 
experiment. 

It is interesting to learn that tho Technical Sub-Committee of Congress 
xvill examine a number of contrivances for the control of speed. 

If it will help the Sub-Committea, I would like to stiess the point that 
what may prove the best speed governor for one set of conditions will not be 
the best for another set. 

Happily, there are broadly speaking only two sets of conditions. 

The first is where tho vehicle has to run through sandy unbridged cross- 
ings or on steep winding roads where visibility is poor and high torque is 
essential at ln^Y speeds. 

Under such conditions governing must only be attempted by adopting a 
mechanism depending on the speed of the back wheels. 

The other set of conditions is much easier, and is the more frequently met 
with Fairly good roads with not Very long or steep inclmes and no unbridged 
crossings need only the much simpler type of governor which fits on to the gas 
induction system and is mechanically entirely independent of the back axle or 
driving shaft. 

I would like to point gut that it will not be of much use laying down 
legal load maxima if there are no motor patrols with portable weighing machines 
to check up on the roadside. 

Granted such patrols, it is suggested that they would be better employed 
in checking up speeds, examining governor seals and keeping a watch for stolen 
cars, cars and lorries plying illegally, and so on. 

Editorial note:— The table printed on page 93 of Mr. Mitchell’s Paper 
gives tho figures for truck production in the United States and Canada upto 
the year 1933. The following figures for the years 1934 and 1935 have since been 
corninunicntea by Lt Colonel H.O. Smith as desired by Colonel G. E. Ropwith 
during the course of discussion on the Paper. 


Tnick jnoduclion-bi/ capacities— per cent. United Stales and Canada. 


Class of Truck 

1934 

1935 

? ton or less 

28 G 

34.1 

1 ton and less than tons 


03 

ton and less than 2 tons 

G2.9 

57.5 

2 ton and less than 2^ tons 

4.3 

4.0 

24 ton and less than tons 

J.9 

1.4 

3^ ton and less than 5 tons 

0.8 

0.5 

5 ton 

0.2 

1 

Over S ton and special types 

• 0 9 

f- 2.2 
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cements excluding tariff duty comes below Es. 25/- per ton. 

In order to have a wide application of concrete roads in India it is 
imperative to reduce initial cost without impairing the strength, efficiency 
and wearing capacities of the same. 

Attempts have been made to uso a thin layer of cement concrete say 1^" 
to 2" thick on a waterbound road metal surface by bonding the same with the 
subgrade by making a few cavities in the subgrade at legular intervals. This 
arrangement is a make-shift one as the main feature of the transverse strength 
of the concrete road surface is not possessed by the thin concrete surfacing 
It is suitable as a wearing surface only like asphalt etc. on a hard road bed. 
If there be any settlement in the road bed due to heavy traffic the surfacing 
will break up That has happened in some of the trials with thin surfacing 
of the concrete at Muzaffarpur, Bombay, Calcutta, etc. Thus the necessity 
comes in to' keep the full depth of the concrete road with the concrete wearing 
surface. 

In Bonded Brick Concrete road, plain and reinforced the full depth is 
retained. For example a 4^" concrete load will be replaced by 4|" B. B. C. road. 

Figure 4. Figure 5 


- rcEM. cow. 

i “ V,? ■ • a '.‘A ".At •<!■.'/' T . v 

o.'.V • 4‘A H'. Mi i./i i>r 

U'y’ 


4 CEMENT CONCRETE 

Figure 6. 


^ BC(NPORC£m£nts- 


4 B. 

Figure 7. 
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^4/1? reinforceo concrete. b. c. 

Figures 4 & 5 aie sections of 4i" cement concrete and 4j" Bonded Brick 
Concrete roads 

Figures 6 A. 7 are sections of 4|" B. C. and 4^*' E. B. C. roads. 

Tho cost of concrete roads has been considerably reduced by introducing 
bricks, a cheap mateiial, in tbo lower part of the concrete, the concrete at toji 
taking all the wear and tear. 

The cost of 4^" cement concrete of proportion (1:2:4) per 100 aq. ft. works 
out as follows : — 


Stone chips-34 eft. (S. Es. 40/- 


per 100 eft 

= Es 

13 

10 0 

Sand-17 eft. <51 Es. lo/- per 100 eft. 

= Es. 

2 

8 0 

Cemont-6i bags (5! Bs. 2/8/- per bag. 

= Es. 

16 

14 0 

Labour. 

= Es. 

3 

6 0 

Cost per 100 sft 

= Es. 

36 

6 0 

Cost per 100 eft. 

= Es. 

07 

0 0 
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Whereas the cost of B. B. C wirli 10''X5"X3" bricks — apart with 
1^" concrete on top Morks out to ; — 

Bricks — 200 (ff Br 18/* per 1000 including laying ==Rs 0 10 0 

Conoiete in joints and on top — 21 eft @ Rs 97/- 

per 100 eft. = Rs. 20 6 0 

= Rs 24 0 0 

The comparison shows that the cost of 4^' cement concrete works out to 
Rs. 36/6 per 100 sft whereas 4^” Bonded Brick Concrete costs only Rs 24/- 
i.e., about 2/3rds the cost of the concrete The greater is the quantity of bricks 
inside the concrete the greater will be the saving in cost It is clear on the very 
face that when we introduce a material as bricks worth Rs 15/- to Es 20/- per 
100 eft. inside the concrete, a material woith Rs. 80/> to Rs. 100/- per 100 eft. 
very great economy is effected in the resultant bonded brick concrete structure 

The actual construction of Bonded Brick Concrete roads, both plain 
and reinforced, has proved that this fonn of construction produces very sound, 
durable and economical conciele loads These loads are equally eflicient like all 
concrete loads but are much less costly When th* coH cf viaintenance is taken 
into constdei atton they aie jMof>abhi chenpet than any othfi kind of lond constuio- 
fmn now in «se in India 

1 I started laying a length of 700 ft. of I>" R B C , road in May 1930, 
at Yehiapur Road, Allahabad 6" R. B. C., was made liy combining 3" deep 
bricks (9"X4i"X3"/ with 2" top concrete and l|" joints between the bricks. 
Reinforcements used were dia rods^G" apart along the length of the road and 
lOj" apart crosswise (see fig. 8) The piopovtion of concrete was 1:2*8 with 
Sankargarh sand stone ballast. Tiie work was done according to author's direc- 
tions by Allahabad Municipality and Messrs. Mackenzies Ltd. of Bombay were 
the contractors The work in 1936 is in a satisfactory condition. Thus six 
years have already passed. A very large volume of rain water finds its way out 
into the Jumna from that road So whenever there is a very heav> showei 
water flows over the load surface to a depth of about 2 ft or so with 
great velocitj* Formerly watei-bound macadam was used eveivjear and 
that \Yas washed out by the rushing water during heavy rams The road as 
constructed at present is quite satisfactory. Except at some expansion joints 
between the slabs there had been no other damage. Those joints had been 
repaired with asphalt concrete. It is to be noted that upper concrete has not 
separated fiom the low’er brickwork and the whole thing has worked like one 
mass of 5 ' depth. 


Figure 8 



Expansion joints were used every 1C feet ap-art and the surface was 
treated with soda silicate {l in 4) wash There had been some cracks 


I 
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the middle of the slabs which had been repaired with asphalt. The subgrade 
was old road bed and that was in many places ordinarj’ earth and in some 
places old road metal. Ordinary common Allahabad bricks — 9*'X4j"X3'^ were 
used. The cost was Es 42/12Apsr 100 sft. 

In April 1932, the Chief Bogineer, P W. D., Bengal, tried some experi- 
mental lengths of 6” R. B. 0 , 6" B. B. C and 6" E B A, C roads at the 6th 
mile of Calcutta-Jessore Eoad (jnst near Belgaehia railway overbridge). The 
present conditions of these Calcutta Eoads in June 1936, is perfectly 
satisfactory — just like 7 all-concrete road laid from Belgaehia Tram Depot 
upto that place. Wooden sign-boards had been fixed against each experi- 
mental length and they can be inspected tio%v 

In these cases 10"X5"X4” bonding bucks had been used. 

a Expemnent No 1 — tT B.D.C 

4" thick bricks with top 2" concrete and 2" joints between the bricks 
filled up with the same concrete 

Reinforcements — 3/8" dia rods — 7" apart along length and 12" apart 
crosswise — placed 1" above bottom 

Proportion of concrete— -1 . . 3 (Pakur stone ballast — f" toi" gaogaused). 

Expansion joints— 30 feet apart 

Surface treatment — 3 coats of soda silicate wash 1 in 4 (after 3 weeks of 
setting). 

Width of slab— 18 feet 

In this experiment, reinforcement had been used at the bottom and not 
at the top The slab has stood quite satisfactorily for the last 4 years without 
any sign of deterioration. 

Present condition of the road is ideal (.Tune 1936) Figure 9 shows the 
section 

Figure 9 



There are no cracks in the slab and there had been no troubles whatso- 
ever in the same. Its behaviour Is just like an all-concrete slab. The top 
surface being cement concrete it cannot be distinguished from an all-concrete 
slab. In outside appearance both R. 0. and R. B. C. roads are Quite similar. 
{See details in Plate No. B/ 1.) 

Xote— It . Ileinfoived. lirL-Bonderl.B— Brick, C^Concrete, A=AsphaU. 


Ill 


3. Eipenment Ko. 2-^C“ 23.J3.0. road. 

Particulars same as etporimont No. 1. (Beo Plato No. P/l). No 
luents used. 

Bricks laid hreak-jomtod crosswise with 52" joints between them. 

Fig 10) 

I Figuvc 10, 



Length ot slab — 30 ft. 

Preparation of bed old road bod scarified and regraded 

Constructed — April, 1932. 

Present condition-~(Juno 193C) quite satisfactory. 

Two fine expansion cracks developed wbioli had boon patched up with 
asphalt. , 

It la to be noted that in this caso no reinforcement had been used whereas 
in the first experiment rcmforccmont had been used. Noth the slalis aro stand* 
ing quite satisfactorily. Jn this slab two fine crncks developed whereas In tho 
other no cracks developed. It appears that the reinforcing rods prevented Iho 
appearance of cracks in the first slab, otherwiao tliero la no differonco betwoon 

the two. 

4 Experiment No. 3‘~G'' ll.D.A.C. {Reinforced Rrichvork Aaphnlt 
Concrete). 

4" It.BC. at bottom with 2' grouted asphalt concrete surfaelng, (floo 
Plate No. R/1). 

Hero particulars of the lower 4" B B.C. is like experiment No. J and tho 
2 of the cavities of the bonding bricks had been filled up with grouted asiiiialt 
concrete. 

Asphalt used — 17 lbs. per sq. yd. (See Fig. 11.) 

Figure 11. 

CR.B.A.C. 



'CCM CON,(|;lV,-3) N— 
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Constructed in April 1932. 

Present condition (June, 1936) — Excellent. 

This experiment showed that a Bonded .Asphalt Concrete surfacing on a 
E. B. C., foundation makes an excellent road The foundation and the sar/acing 
worked together as one mass. 

5. In 1933, Municipal Engineer, Benares, tried a 4^" E. B. G , surfacing 
in the Water Works Mam Eoad of the Benares Municipality. 

Here the proportion of concrete used was — 1 : 2 ; 4 with stone ballast and 
Gaya sand. 

Area covered — 761 sq yds. 

Cost— Es. 1633-11-6 
Cost per sq. jd,=Bs. 2-2-4. 

Here reinforcing rods were used at the edges only and not in the central 

part. 

Expansion joint— 30 ft. to 36 ft. apart. 

Constructed— 1933. 

Present condition m Juue 1936— -Excellent (See Fig. 12). 


Figure 12. 



It is to be noted here that lo concrete roads the edges are usually made 
thicker than the central part For b" concrete road the edges are made 9'* 
thick For a 5'* concrete road the edges are made 7'* thick. (See Fig. 13.) 


Figure 13. 



In the present case instead of thickening the edges a little reinforcement 
had been provided and the road is standing for the last three years quite 
satisfactorily. 

6. Id August 1933 another road wag constructed at Benares at Nepal Eaj' 
Palace called Kaisar Castle. Here two course concrete whs used. That was a 
5" R. B. C , road. .3*' bricks with l|^ joints and 1* top, cement concrete. 



la 

(l:“2|:3j) concrete with jhama ballast (which is cheap but not so hai-^l'was 
used at the bottom and the top l"(l:l2:3) was laid with stone ballast- 
Figure l-i shows a section. 

Figure 14. 

jr X" CCM. COH. tWl 3} WITH STONE. 
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9. In September 1934 a R. B. C. snrfacing was laid on a new road 
bed at Telinipara (Bliadreswar Municipality). That was done in connection 
with the widening of the Mill Road for a length of about 500 ft. That was 
dona with 4^" R B C. with i" dia. rods 7* apart along length and 12“ apart 
crosswise with the proportion of concrete as 1 : : 3^ with stone ballast The 

present condition of the road in June 1936, is quite satisfactory. Figure 17 is 
a section of the road. 



10. Hospital Road at Barisal was covered with 4i" R B C. in April 1934 
according to author’s design and specifications. ^ 4$' ^ made by 

using 3“ deep bricks with 1 ^“ joints with 3/8“ dia. rods llj apart across the 
road and dia. rods 6i" apart along the iqad Cement concrete with picked 
jhama ballast of proportion 1: 2^ : 3} was used in the joints between the bricks 
and 4" above the bricks and the remaining 1" was done with richer cement 
concrete 1 . li : 3 with haid Pakur stone ballast [y gauge and down). Fig. 18 
shows a section of the road 

Figure 18 



A length of 500 ft was done with R. B C. at a cost of Rs. -4/5 per so. 
ft or Es. 3/8/- per sq. jd. 

The condition of that road in June 1936 is perfectly satisfactory. The 
maintenance cost in these two years was piactically nil. The municipal super- 
visor informed the author that the maintenance cost of about 800 ft of R. B. C. 
load was Rs. o/- only for filling up the expansion joints with tar and pitch. 

' 11. The Barisal Municipality then laid 44" E. B. C. at the Sadar Ro.id. 
opposite Hospital, for a leugbtb of about 300 ft. under the same specifications 
at a cost of Rs. -/i/C per sq ft. That was constructed in December 1934 and 
the present condition in June 1936 is ideal. 

12. A 44“ E. B. C. road was constructed at Burianagoie.CNqrth of 
Calcutta) in Bengal Immunity Ijaboratorj* Roads in 1935 with i“ dia. rods 
as icinforceraents 64" apait along length and ll4“ apart crosswise Profiortion 
of concrete was 1 ; 2 : 3. The picsent condition -of the road in June 1936 is 
ideal. In one part of the road there was a depression during construction and 
that was repaired later with another layer of concrete about 4" thick after 
2 days. That rcp.iired concrete did not stand but started peeling off. 
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13 In April 1936, the Collectorate Koad at Barisal was laid with 
E. B C according to the same specification as the Hospital Road of Barisal. 
The lengtli of the road was 1500 ft and width 12 ft. 6 in That is the main 
road fiom Steamer Station on the river side to the town. The tiaffic is the 
heaviest in that part 

14. Another 4^" road is now in progress known as the Chowk Bazar Road. 
The length of the load will he over 2,000 feat and width 12 ft. 6 in The 
specification is the same as that of Hospital Road. The piesent tender rate as 
accepted by the Municipality is annas 4 per sq. ft. (Sea Plato z for detail). 

15. In Areadah ilunicipality a 4'’ R B C. surfacing with J" dia rods as 
reinforcements was done at Satish ALillick Lane. Areadah. The pioportion of 
concrete was 1:3 4. Thera is foot traffic only. Figure 19 is longitudinal section 
of the road. It is to be noted that the proportion is 1 : 3 : 4 


Figure 19. 



The present couditton of the road in June 1936 is excellent. 

The Chief Engineer, P. AV. D , U. P tried a 200 ft. length of 5" B B. C. 
with 3" brick with iV joints and 2" topping with cement concrete of Uie 
proportion 1:2:3 No lemforcemeut was used 4" jhama bill.ist was rolled in 
for the suhgrade Expmsion joints were used 20 ft apart. The road wua cons- 
tructed at the end of December 1935. The present condition of llie road in 
June 1036 t.e., after six months is quite satisfactory (Plato No h shows 
detail) Appendix No. I shows a tabulated statement of Bonded Buck Con- 
crete roads (B. B. 0 and R B, 0 ) constructed, with particulars of constructions 
and their present conditions. 

Hoto to iiiffl'c differelxl rfrplAj of D D C.andH.D C, toads . — Usually 
sizes of common bricks in India are- 10”X5"X3" and 9’'X4j''x3''. The former 
size is in Bengal and in some other places and the latter size is in Bihar, 
U. P.. Punjab etc. — ..... 

AYe shall consider 10"X5”x3” bricks first. 

3* — a brick fiat.* 

4" = a brick flat and I* cement concrete. 

. .4i'. f" & brick flafpnd J i* cernint .concrete. .• . 

- 5- -= a brick flat and 2" -cement concrete or a brick -on-eogc. 

.... . -w . 0.. j^jj3 3“ gjjjj-gnj pgjjcreto or two bricks flat with 

“ "■*"*■* • a liiortar joint, or a brick-on-edge with 1" cement ccrcrete. 

7“ ~ 2 bricks flat with a morta- j’oint and 1' cement concrete, 

or a brick-oa-edgo and 2" cement concrete. 


8" = 2 bricks flafc with a mortar joint and 2" cement concrete, 
y" = 2 bricks fiat and 3'* cement concrete. 

etc. etc. etc 

In case oi 9"X aV' xa" ibe diffexent depths oi roads can be arranged as 
done above. 

Often it is convenient to bum special briefc^as 10'^ X 5" x 4" and use the 

same. 

bonding pricks. 

4" depth ~ a brick flat 4" deep 

5" depth — 4" buck and 1* cement concrete. 

6" depth ~ 4" buck and 2* cement concrete. 

T depth ~ 4" brick and S’* cement concrete. 

10**Xo*'X4'* bonding bricks can be manufactured easily at a cost of 
Es. HA or so per 1000 or so. 

Bonding bricks of other shapes and sizes can be manufactured and used in 
B. B. 0. and BBC. roads. 

Plato Ko. 3 sbon-s B. B C and S. B- C. of different depths. 

Often it IS mote economical to use special bonding bricks in road cons* 
truction. 5" and 6" bonded brick concrete roads are very common. These can 
be made very conveniently wth 10"X6^X4 bonding bricks. Pigures 20 and 
show sections of 5" and 6" B. B C roads. 

Figure 20 

fd" B. B. C.) 



li. B. C. The stiengths oj B. B. C. and B. C. slahs with the same depth, same 
I*s. proportion of conciele, same age, same ieUiforccments are the same for 
B.C, all practical pinposes. Figa. 23 and 23 show sections oftwoB. B.C. 
and E. C. slabs subjected to bending. In both cases the tensile stresses de* 
veloped are taken by the bottom steel and compressive stresses at top by the 
concrete at top So thooielically the strength and stiffness should ho the same. 
Experiments have shown that they are practically the same. The author's 
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paper on Comparative study of B.B., R B.C. and B.C. had been accepted and 
published by the Institution of Engineers (India). The paper deals with that 
problem. 

Long series of experiments on reinforced biickwork were conducted by the 
writer between 1916*1922 at Patna New Capital Works and at Benares Hindu 
University construction. The results of these experiments have been published 
in the writer’s book on "Expeilmental Rcsearc5:es on Reinforced Biickwork". 

In 1917, a very interesting set of expciiments on R. B., R. B. C. and R. C. 
beams under the same conditions of spans, sections, reinforcements, method of 
loading were tested by the author at Patna. These are the experiments Nos. 5 
6,7,6 and 9 in pago 2 of tho aforesaid book. See Plate No. j for the 
details. 

From experiments 8 and 9 we find that R. B. C. beam is equally stiff 
and strong as R. C. beam. So their methods of calculation for determining their 
stiengths Will be similar. In both cases tension was taken by the steel rods 
at the bottom and maximum compression by the cement conciete at top. 
Compaiing experiments Nos. 5 and 7, wo find that by using 2 . 1 mortar in the 
brickwork the strength of R. B. beam was not incieased over that with 3:1 
mortar. The results also show that in expeiiments 6, 6 and 7 the R B. beam 
had deflected muclr more 'than in experiments 8 aiTd 9 shelving thereby that the 
stiffness of B. B C. and R. C. beams is greater than that of R, B. beams. 
With low percentage of steel the difference of strength between R B. and 
B. B C. or B C. is very small say within 5% to 10% of the strength. On 
woikfng out the stresses in steel and brickwork with the values of modulus 

E E 

ratio 36 for R. B. and «= 15 for R C. and R. B. C. The results are as 
follows : — 


Expt. 

No. 

Kind 

m 

Calculated 
stress in steel 
at failure — lbs 
per sq. in. 

Calculated 
stress in brick- 
work or con- 
crete at failure. 

Max B.M. 

In-lbs. 

5. 

RB. 

36 ^ 

49,000 

890 

172,274 In. lbs. 

C 

R.B. 

36 



179,376 „ .. 

7. 

RB. 

36 


853 

172,274 „ 

8. 

RBC. 

15 


1130 

181.670 „ .. 

9. 

RC. 

15 


1150 

184,576 .. ,. 


On working out the calculated failure stress for these R. B., R. B. C. and 
R C. beams we find that the failure tensile stress varied between 48,000 to 
50,000 lbs, per sq. in. 


Tlieso experiments cleaily prove that with low percentage of steel there 
is not much difference between tho load bearing capacity of B. B., R. B C. and 
R. C. beams and slabs. 

Again referring to experiments 50 and 51 of tho same book we find 7" 
R. B. C. Ys. 7" R. C. slabs on 12 ft span with same depths and reinforcements, 

7'* R. B. C.== 6“ brick plus l" cement concrete 
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From these loads and deflections wo sco that B. B C. and B. C. slabs 
deflected to the same extent with the same loads and B. C. slab fa/Jed uith 
53 cwt. ^Yhereas R. B. C. tailed with 5o 4 cnt. 



These results support the statement that R B C is practically equally 
stiff and strong ns B. C. slab, lor the design wort the xalues of modulus 
ratio and s.afo stress of concrete at top will be taken as the same in both cases. 

Plata Ko. jr shows a chart of the load and deflection curves of the com- 
parative experiinonts on R D , R. It C and R C. 


Wo como to a veiy important conclusion horn these experiments that— 
R, B. C. and R C possess equal strenevh and stiflness hut R B C is much 
cheaper than R C. So in order to effect economy in road construction H. B. G 
can ho safely adopted in the place of R C- For example 6" R R. C. Vs. C" Jt.C 
ronds-reinforcements — 3/8" dia. Cj" apait one way and apart crosswise 
in both cases. Figures 22 and 23 show iha sections. 


Figure 22. 
(e" It. s. c.) 
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rtgnre 23. 

(<r li a) 



L 7 *-' » | I ^ ^'apaht! 

' H'IJ^'Ii'aPART. 


Analj'sing the quantities wo find the cost as follows — 

Per 100 sft. — (Taking Lucknow rates) 

6" J?. B. C. 

Bricks— 200 S H/- pJus Bs 3/- per 3000 = Bs. 3 4 

Cement concrete in joints = 11 cft.|29 eft Rs. 100'* 

Cement concrete at top =l8 eft.) per ICO eft. = Rs, 29 0 
Reinforcing rods — 1 cwt. (??■ Rs. 8/- re'" c" t = Rs. 8.0 


0" Ji. c. 

Cement concrete=50 eft (g! Rs. 100'* per 100 eft 

Rods— 1 Ctrl, (g Rs. 8/- per cwt. 

Rs, 68/- 

So for the same strength and stiffness 6" R. C. slab will cost Rs 08/» per 
100 sft whereas G" R. 13. C. slab will cost only Rs. 40 4. There will bo a 
sating of about 40% in the cost over R. C. and these roads will stand equally 
Well for years. 

Conacie Ts B D. C, 

Bonded Brick Concrete is the same concrete with bricks introduced into 
tlie lower part of the concrete. The upper concrete possess the same tensile 
and compressiNe stiengths in both ca<;es. In case of louer part the brick 
and concrete possess between 2/3ids to 5ths of the strength of all concrete. 

The strength of the brickwork can be taken as half of that of concrete. 
In 13. B. C 30 to 45% of the lower part is in concrete. .So the equivalent 
stiength of the lo^er part = 30to4&% of concrete plus tj to g of equnalent 
concrete. Thus strength of lower part will be 65 to 77.6% of concrete, or 
2/3rds to 5ths of the strength of nil-concrete. 

Often cement concrete without leinforcemcnts is used for the rood cons* 
tructioD. B. B. C. can be used in preference to the cement concrete and eflect 
thereby a great economy. 

6" C. C, Vs. 6- B. B, C. 

Figure 24. 

( 6” Cemtnt concrete. ) 


( SCEMENT CONCRETE.) 




Rs. 40 4 

= Rs. 60/- 

= Rs. 8/- 
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Figure 25. 



Cost o/ s'' C. C. =A X 100 (5 Rs. lOOZ-perfo ... Rs. 42 0 0 

Cost of 5" B. B. C.— 

10’'xo''X4'' bricfcg— 200@ Rs 18/- per 1000 ... Rs. 3 10 0 

cement in concrete in joints and at top— 21 eft. 

(S' Es 100, ■> per eft. .. Rs 21 0 0 

Es. 24 10 0 

The eotnpauson of cost for 5" C. C. Vs 5" B, B. C. is Rf. 42/- Vs. 
Bs. 24/10/-. 

Conciete Vi. B B. C —It is more economical to use E. B. 0. in the place 
of cement concrete for the same strength. 

The strength of the concrete is reieasuied by its resisting moment. The 
resisting moment of 4". 4i'‘. 5''. oi~, 6“. 7", 8“ concrete slabs per ft. width are 
as follows ' — 

M =^'x t SO = 120ii' 

Where b — T\idth — I2“. 

d = depth of slab in inches. 

f » safe tensile strength of concrete in lbs per sij in. 
00 lbs. per sq. inches. 

Plain cement concrete. Resisting rnooienl j'cr ft. Resisting moment per it. 

width iorhnek concrete. 
width = 120d* ^ fth of concrete 

for concrete. 

4“ 1920 In lbs. - 1440 In. lbs. 

2430 Id. lbs. ]823 In. lbs. 

5" 3000 In lbs. 2250 In. lbs. 

5j" 3030 In. lbs. 2713 In. lbs. 

G" 4320 In lbs. 3240 In. lbs. 

7" oSSOId. lbs. 4410 In. lbs. 

6" 7680 In. lbs. 5700 In. lbs. . 

(Sltenglh of R. B. C.) 

Resisting monient=.Ajfjn. 

=.\j^XlGOOO/. Xid 


= .^jXl4030/- Xd=14000 A^d. 




m 


Where ^Sectional area of etcel in sq. in per ft Tvidth of slab. 

^ Safe stress of steel in lbs. per sq, in. ' 

« IGOOO lbs, per sq. in. 
a *=leTer arm in inches, 
d ^effective dcptli in inches. 

Resisting moment per 
ft width 

R. B. C. Eff. depth. = 14000 A^d. 


with 3 / 8 " dia rods 

7 " apait. 

3" 

approximately 

6064 in. lbs 

with 6/16" dia rods 

7 " apait. 

3" 

* 5472 .. 

, with V' dia rods 

7 " apart. 

3" 

3528 „ 

With 3/8“ dia rods 

7" apart. 

31" 

9403 „ 

p with 6/16" dia rods 

7" apart. 

3l" 

6384 „ 

, with i" dia lods 

7 " apart. 

Si” 

414G „ .. 

' with 3/8" dia rods 

7 " apart. 

4" 

10i62 ,, ,i 

,, with 6/16" dia tods 

7" apart. 

4" 

7296 .. 

with }* dia rods 

7 " apait. 

4" 

4704 .. 

" with Z/Q" dia rods 

7 " apart. 

5" 

13430 .. 

p, with 5/J6" dia rods 

7" apait. 

6“ 

9120 .. 

,, with J* dia rods 



7 " apart. 

5* 

5880 

“ with 3 / 3 “ dia rods 

7" apart. 

•6* 

16128 


8" with 3/8* dia i^s, 
7" apart. 


J831C .. 





m 


Total 

depth 

Eeinforcements. 

E£F 

depth. 

Eesisting moment per ft. 
width = 14000 A^d. 

4" 

3/8" dia. 12' 

apart 

3" 

4704 In. lbs. 


5/lG'' M 

,, 

„ 

3192 „ 


i" 


„ 

2053 „ 


3/8" „ 


si" 

6428 „ 


6/16" „ 

,, 

„ 

3724 „ 


i;; 

„ 

.. 

2401 „ 

6" 

3/6’ 

,, 

4" 

6372 


5/16" .. 



4256 


i" .. 


„ 

2744 „ 

6'' 

3/8" „ 


5' 

7840 „ 


6/16" 


.. 

5320 

,1 

i" „ 

,, 


3430 „ 

7" 

3/8" .. 

„ 

6" 

9408 „ 

,, 

6/16" „ 

.. 


6384 

1 , 

i" 

.. 


4116 „ 

8" 

3/6" „ 

.. 

7" 

10976 

„ 

6/16" „ 

.. 

.. 

7448 „ 


i" 



4803 „ 


The le&isti'Dg moment of 6 concrete slab per ft. width is 4320 In. lbs. 
The lesisting moments of 45 R B C with i" dia rods 7" apait one way and 
3,8" dia. rods. 12" apart ciosswrse are 4146 In. lbs. and 5428 In lbs in cross- 
wise directions. Calculations for R. B C are usually done by ignoring tensile 
strength of the brick concrete In leality the tensile strength of the conciete 
ov brick conciete pLiys some pait These calculations show that a R B C. 
is stronger than a G" cement concrete road. This section of road has been 
extensively used at Dansal with excellent lesults. At Barisal the subsoil 
water level comes to ^Mthin a foot fiom the surface of the load duiing rainy 
season and thus a strong foundation is necessaiy for such roads. The cost of 
4 E B. C. is much less than the cost of 6" cement concrete. 

Cost per sq. ft. 

O" cement concrete per % sg. ft.=60 eft. @ 

Es. 100 perJOOeft. = Es. 60 0 0 

B. B. C. 

Bricks— 200 © Es. 18 per 1000= Es. 3.6 
Cement concrete— 31 eft. 

® Es. 100 per lOO eft. = Es. 210 

Eods — 2/3rd cwt. @ Es. 7/8 per cwt. = Es 6.0 


Say Es. SO/'. 


Es. 29.6 
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Cost of 4^* E. B. C. is Es. SO/- Trbcrcas the cost of G" cement concrete 
is Es. oO/'. Tliat sliovrs great economy of K. B. C. over cement concrete roads. 

Position of ^ einfoTCtmenis — It tvill be interesting to find out ^vhat 
is the roost suitable jdaco for putting tlio reinforcement m concrete and 
bonded brick concrete roads. Some suggest that rcinforcomcnt should bo 
used at bottom only, some at the top only and some both at top and bottom 

In the 5lh mile of C.alcutta*Jessoic Eoad 6" B. B. C., and G" B B. C , 
were tried side by side, one without reinforcements and tlie other with 
reinforcements Both are standing well C“ B. B C , has developed two 
fine c;:pansion crocks in the slab whereas in E. B C , there are no cracks. 
That shows that one of the functions of reinforcement is to prevent appearance 
of cracks. The length between the expansion joints can be increased by using 
reinforcement. 

At Jaggannath Ghat Eoad 7” E. B. C , road experiments — reinforce- 
ment Ins been used in one case at the bottom and in the other case at the 
top 2" below the surface and in both cases these roads are standing perfectly 
satisfactorily. 

If we look to pages 32*33 of tho Jnrfmn ConaeU Journal of the 
February issue of 1934, we find under tho head “llecent Practical Develop- 
ments, American Eoad Builders’ As30ciation"->-Curront practice in the design 
of state highway concrete pavements— that the reinforcing fabrics or bars are 
used 2" to 3" below the top surface of tho roads (2" in case of New Jersy, 
Ohio, Pennsylvania, Victoria, and 2j" for New York and so on). The depth 
of the concrete usually varied between 6" to 8". 

Thus according to the latest Atncncan practice the Tcinforcetneiit is 
used at 'the top and not at the bottom. The reinforcement at the top 
will prevent the appearance of cracks at the top surface The cracks due 
to suiface tension, caused by the tempeiature stiesses, will be better prevented 
by the use of leintorcing rods or fabrics at the top. In case of weak founda- 
tion reinforcement at bottom will be more efTectite. 

Eeinforcement — 

ll) J cwt per 100 sq.ft, where theie is good foundation below— as 
i" dia. lods— cl" apart along l«ngth and llj" apart crosswise 
will make J cwt per 100 aq. ft. That may bo used preferably 
1^" to 2" below tho top surface. 

(2) One cwt. per sq. ft. where the foundation is not so good. 

That may be used at bottom only. 

(3) li cwt per sq. ft. (J cwt. at top and one cwt. at bottom) 

where the foundation js very defective. 3/8" dia. rods — 7" apart 
along length and 12" ap.irt crosswise at bottom will make one 
cwt. per 100 sq. ft. and at top J” dIa. rods 7" apart along length 
and 12 apart crosswise will make cwt. at top. 

Figure 28. 
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Figure 27. 



Figure 28. 



Figs. 26, 27 and 28 show sections o! R B. C. roads reinforced at bottom, at 
top and at bottom and top. 

1. Method e/ eomDuetton ’-'She existing surface of the road is to be 
levelled properlj' and rolled. All pits are to be filled up and unevenness removed 
by the use of some metal and consolidating the same with a road roller. 
Usually a camber of 1 in 60 is given in the road section. 

. In case's of new roads a brick soling or 3" or 4" biick jbama or stone 
road metal is to be used and consolidated by rolling 

2. y sand is to be spread on the surface and wetted well with water. 

3. Net work of reinforcing rods.!" 5/16", or 3/8" dia. (as required). 
6|" or 7" apart one way and 11 or 12" apart crosswise (aecoiding to the size 
of bricks 9' X 4j X3 or 4 , lO X5 X3 or 4") is to be spread on the roadbed 
l’* above the sand. The joints can be made 2** or lJ”j<nmore as desired. 

4. Wet, overbumt first class brlc'fcs are'to be spread inside the network. 
The size of bricks in Upper IiidiaTslrsually 9"X4j" tvhereas the size of the 
net will be ll''X63". Thus the joint will come du't'to be 2”. In case of 
10" X 5" bricks, as in Bengal, the net will be 12" X 7*.'. The joints are often 
made i'* also for the sake of economy. 

C. Sprinkle a little water on the bricks, grout in a little mortar (l : 2|) 
about i" thick in joints and poor in wet cement concrete of plastic consistency 
in the joints upto or 2 depth so that the concrete finds its way easilv 
down. Pnck the concrete well. Graded ballast of down to 1/8" may be 
used for bottom 2 concrete. The grouting can be omitted for good plastic 
concrete (1:2$: 3i). 

C. Place stiffer concrete of proper mix on the top to the required depth 
and consoltdate the same well by tamping as is done in case of concrete 
roads. Too much water must be avoided for the top concrete. 5 to G gallons 
of water per bag of cement is nsually leqnircd. 

7. Cover ibo surface with wot gunny bags for 24 hours and after that 
make certain bards at intervals of 4 feet; put wet earth or sand or moss or 
straw etc , Inside the bands and water the same well for two to three weeks. 



Ifc must Ve cUarly tmisrstoai tbxt Ise ssjt bf d fery 

quality, properly UM, of rieb prcpcrti^ 'riih ttrl btlittf, cUaz ccarte ttr^i 
aud go^ Portkud earnest. If tzi urd St rted or trtii prsptrtlca tdopU/S 
for the surface, there is very Htlle chaase of rmoets cf the oosortbr rodi. 
Selection of matetiaU (or conoteVt, ptepet gau^ut d itraVtt ter vUvVlc 
consistency are essential for the success cf th.? road otuitruslSctJ. 

Colt 0 / B. B. C. and B. B. C. fc»3i«— The cc-it cf B- B. C. ar^d E B, C. 
roads will vary from place to place acoordisg to the cost cf labour and 
tnaterials, according to the proportios of cou-crste, dei^h cl the road, quactity 
ol concrete and bticVs in the same. 

The cost of hrichs vary cossideraUy from pl»c^ fo phas- The approii* 
mate cost of 1000 hrichs— picl»d first cUe? Ua 1936) 

Calcutta— Bs. 18/. psr 1000 (l(rx5”x3"). 

Lneknow— Es, 9/. per 1000 (O’*X4j"x3'0. 

Benaies-Bs. 12/. per 1000 (l(rX6"x3’'). 

Calcutta— Bs. 21/- per 1000 (lO" x 5" x i'O, 
tucknow~-B3. 14/- per 1000 (lO” X 5" X 4‘). 

For working out costs we shall assume cost of rich cement conorclo 
(l : U : 3) with stone chips at Bs. IlOA per c(t. 

BUto \vilU jhama chips (I JSi tli) 05/- per 100 eft- 

iCostot reinforcing steel rods—© Bs 7/- per cwt.) 
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aoaof^V S.B. C. road as adopted at Btt! isal per 100 sq ft. 
Preparation of snhsra6o by pickine IJP bed, 

scari/yms. regrading, re-rolling compiete with * 
sand at the top ... — •• ‘ 

Pirked first class hard burnt bucks including labour lor 

laying— 200 No. @ 17/- per 1000 ... Hs. ! 

Cement concrete in joints and 1" aboro 
tho bricks with picked jbama ballast o! 
gauge i" and down 0 • 3s)— 'Sj c!t. 

® @Ks.65/-per%ctt. ... .. Hs. t 

1 " cement concrete (I: li:3) with Mur 

stone ballast (4 gauge and down)— 8l clt. @ 

Es. 110/- per 100 eft. ... .. Ks E 

Hild sled rods— 2/3 cwl. @ Es. 7/- per ewt. ... Es. 4 

FTna-nsiou joints and three coats of sodium 

^sUicate-Cl in 4) -perlOOsffc. ... ... Es. 1 


Es. 30 6 0 

Cost per sq. ft. ... lis. 0 4 10 

The accept ed tender for tho wojk was 0/4 6 per sq. ft. and over | mile of 

4 ^” B B. C. road was constructed at that rate at Barjsal. 

Cost of dififerenfc sections can be worked out on similar lines. 

Bonded Bilck concrete roads, plain and reinfoicedv are che.ap 
. jjjitialcost and require very little maintenance cost, say Es ‘/4/a per 100 sq. 
Ifc in a year. A comparative statement of cost of different kinds of loads in* 
eluding maintenance is given in appendi.'c No. 2. Tiie statement cleaily shows 
that the Bonded Concrete roads, plain and reinforced are cheaper than other 
bind of roads now in use in India 

- _ F\irlher mvestinatious on Bonded Brick Concrete r-oadi, plain and tein/oice- 
'id}pi^''i^rlliev.reductionof thecost. ■ ... . 

It has been found from the experiments by the author that weak" jno- 
nortion of cement concrete such ae.with proportion of .mortar 1 :.4, 1 6. or 

so Hh*he used safely in-reinforced. concrete. w<»i.Vs*...'Eh0,.methqdi3 tp,us 5 rich 
cement mortar or concrete to embed the bottom rods and on the top weak pro- 
portion of cement concrete is used and the twii layeis-are inteiboaded with 
l^ick keys Eig. 29 is a section of reinforced hi ick weak cement coneiete slab. 
We shall call this E.B.W.C. rolid. ' Fi^.*30'iVa-sectioirof B.B.W.O. road. 

-• ' Figure * 28 . • '' — --- 

, 'i-WEAK-'CEMENT. COMiftsYff.” 


1S7 

Figaro 30. 



Ls:pcritiicQts had shown that Iho addition of liino increases the work- 
ability and strongth ot weak proportion of cement concrete. Full details 
of experiments can bo seen in author's book on "Experimental Eesoarches on 
Reinforced Brickwork Lime Concreto slabs”. 

In this way tho cost of B. B. C. and R. B C. roads can bo fuither reduced 
but it is to be noted that tho weak proportion of cement concrete will not stand 
the abrasion duo to road tralTic. Tho application of soda silicato wash on the 
surface will greatly increase the surface strength of such roads. On the top 
surface asphalt or tar painting with necessary stone grit can also be done. 
A wearing course of rich cement concreto can be used on top for taking up tho 
wear and tear. 

In some Hyderabad St.ito road Hr. Zaman tiled I 1 ; 5 : 8 ( c ; I: s : b ) 
concrete for the side portion (excluding the central part) of a road and that 
stood quite well for two years; when it showed signs of abrasion, tbe road 
surface was then painted with Colas and giit. In R B.W C. roads similor 
procedure can also bo adopted. Then comes tho question of adhesiot^ of the tar 
or asphalt painting on the concroto surface. The question has been investigated 
by several engineers. It has been found that if after 4 to C houis of laying 
tbe concrete, the surface is washed with a copious supply of water and a stiff 
broom, the scum on tho surface will disappear and a rugged surface will ha pro* 
duced. Pieces of ballast will be protruding out from the bed of the concrete. A 
coat of bituminous emulsion is to be laid witbin 24 hours after washing ; so that 
the bitumen may stick well with tbe ballast. .After the cement has set, tho 

’ ‘ lard stone grits and sand can be done. In that 

tbe concrete base will be tboioughly ensured. 
.• the surface painting and the weak concreto 
below will not be exposed to wear and tear. 

Bonded Brick Conci ete for Hilly places. In hilly places often good bricks 
aio not available. In such cases stone biicks or blocks are to be used in the 
place of common bricks. In hillj' places stone bricks oi blocks or boulders are 
^ery cheap and these can bo used in tho subgrade in the place of hricks. Other 

particulars are similar to those described before. See plate No. -pr for details.^ 

^ Further jiarticulai's of 4j'' R. B. 0 . roads actually constnicted have been 
given m the plate No. h. 

. Different thicknesses of Bonded Brick Concrete loadsrplaln and reinforced 
have been shown in plate No. a. . 

shows some of the different types'bf roaTs'with concrete, 
bonded concrete, bonded brick concrete, (plain and reinforced), bonded brick 
weak cement concieto (plain and reinforced), bonded brick lime concrete (plain 
^^*”forced), reinforced brickwork asphalt concrete fplain and reinforced), 
bonded concrete or weak cement concrete or lime cement concrete base. 
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Cost of iY i?- -S- 0. ^‘oad as adopUd at Ba) isal per 100 sq ft 
Prepaiation of subgrade by picking up bed. 
scarifjing, regiadmg. re-rolliug complete with 

sand at the top ... ... ... Es 3 8 0 

picked first class hard burnt bucks including labour for 

laying— 200 No. ® 17/- per 1000 ... Ks. 3 6 0 

Cement concrete in joints and above 
the bricks with picked jhatna balList of 
gauge and down (l * 2|: 3^) — iSg- effc. 

(gl Rs. 65/- per % eft. . . Rs. 8 2 0 


1" cement concrete (l : 3) with Pakur 


stone ballast (*" gauge and down) — 8s effc. 

Es. 110/- per 100 eft 

Es. 

9 

3 0 

Mild steel rods — 2/3 cwt. @ Rs. 7/- per cwt. .. 

Es. 

4 

11 0 

Bxpansioa joints and three coats of sodium 
silicate— (1 in 4) -per 100 sft. .. 

Es. 

1 

8 0 


Es, 

30 

6 0 

Cost per sq ft 

Bs. 

0 

4 10 


The accept ed tender for the woik was 0/4 6 per sq. ft and over 4 mile of 
4 ^"' B. B. C. road was constructed at that rate at Barisal 

Cost of different sections can be worked out on similar lines. 

l^Taintenanee^Boadod Biick concrete roads, plain and reinforced, are cheap 
in initial cost and require very* little maintenance cost, say Bs -/if- per 100 sq. 
ft. in a year*. A comparative statement of cost of different kinds of roads in- 
cluding maintenance is given in appendix No 2. The statement creaily shows 
that the Bonded Concrete loads, plain and reinforced are cheaper than other 
kind of roads now in use in India 

- Further investigations on Bonded Brick Concrete roadst plain and-ieinfoice- 
id^-pii'-furihei. reduction of the cost . 

It has been found from the oxperiments'by the author that weak" pro- 
portion of cement_ concrete such a.sTi,^th^rpj»<)rtion of.inortii I ;.4, 1 : 5^ r: g qv 
so cah'iie used safely Jtt.i-eiDforced.coDc'rpte. works.,. Tfae/jnethqd is to^y^ rich 
cement mortar or concrete to embed the Iwttom rods and on the' top weak pro- 
portion of cement concrete is used and tbp iivp UyeislAie ipterbon.-Jed with 
brick ke>5. Fig. 29 is a section of reinforced, brick weak cemeijt concrete slab. 
W'e shall call this E.B.W.C. load.-'' Fig.'S&iVa-sectioTTof B.B.W.O. road. 

. . tigan *53: ■ ' 

• • 'rWCAK-CEMENT. tOVdftcYif.” 
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6q tho whole there is an immense^ field for research in bonded concreU 

roads, plain and reinforced and the economical results obtained so far bode a 
very good future for these roads. On account of economy with efficiency, these 
roads will solve to a large extent the road problem of India and in a few years 
we may find a few thousand miles of these roads in this country. 


Specifications. 

[for 4i“ a. 3. C. toads ). 
Babisal. 


Bricks. 


Cmcni. 


SarJ. 


Bods 


.Picked first class (hard-burnt). 

Straight picked jhama selected will also do. 

.Portland cement of British Standard Specifications. 

Indian cements as, Bohtas, Swastika etc , will do. 

If quick-setting cement is wanted for the last few bays Eobtas- 
Crete or Swastika-crete can be used there. 

.Clean, coarse sand, graded in size will be used. 

For tha lower coarse, half part local savar sand half part coarse 
saou will do. 


For the top l" concrete only, coarse sand to bo used. 


.■Mild-steel rods. .A rod can be doubled without 
outside fibres at the bends 


fracturing the 


Jhama chips. Of picM hrici jhama of gauge i" down to 1/8" The hallast is 
to bo washed clean o! dust before use. 


Slone chips.. ..Hard stone chins as Pakur etc., will do. The gauge will be V' 
dow’H to l/S The ballast is to be washed clean. 

Measure Cement in bags is one cwt. and in \'oIume it is to be kept as Ij 

eft. (90 lbs. per eft.). While giving contract this is fo be 
specified. That is the procedure also according to the latest 
Code of practice for reinfoixed concrete Cement is to be 
measui'ed by weight and nob by volame. One bag— li eft. 


irnter,.... 4 to 6 gallons of water ate requiied per bag of cement. If the 

ballast and sand be wet 4 to gallons will be found to be 
ample. The top coocrete is to bo made a bib sliffer. 

2 Tlio lop l" concrete is to be laid w ilhin | hour after the laying of 

the bottom layer. 
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APPENDIX No 1. 


Construc- 

tion. 

Present 
conoition 
in Juno 
1936. 

Cost per 
Sq Yd. 

Nature of Traffic. 

Work done by. 

April, 1932 

Excellent. 

a/9/. 

Heavy Average 
2000 tons a day. 

P.W.D. Ist Calcutta 
Division, Bengal. 

April, 1932 

Excellent. 

4/4/6 

Do. 

Do. 

April, 1932 

Excellent 

5/4/. 

Do. 

Do. 

May, 1930. 

Excellent. 

3/13/- 

Light Traffic & 
Heavy Bush of 
Bain Water. 

Allahabad Municipality. 

April, 1934 

Excellent. 

2/8/- 

Medium. 

Barisal Municipality. 

1933. 

Excellent. 

2/2/4 

Light. 

Benares Municipality. 

Aug.. 1933. 

Excellent. 

3/0/- 

Light 

Nepal Baja. 

Nov., 1934 

Excellent. 

3/- 

Mill Carts 4: Lorry 
Traf. Med. 

Bhadresrrar Mnnicipality, 

8ept., 1934 

Excellent. 


Heavy. 

Improvement Trust, 
Calcutta 

Oct., 1934. 

Excellent. 

— 

Heavy. 

Do- 

(Dec., 1934. 

Excellent. 

2/8/. 

Mediom. 

Barisal MusicipsUty, 

„ 1935. 

Excellent. 

2/13/. 

Do. 

Baracagar Municipality, 

April, 1936 

Excellent. 

2/8/. 

Medium. 

Barisal MunliMraSy, 

Uay, 1936. 

Excellent. 

2/8/. 

2/4/. 

Do, 

IXi. 

Dec., 1935 

Excellent. 

2/6/. 

Do. 

Ariadfth 

Dec 1935. 

Excellent. 


Do. 

Lucknow p.V 
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APPENDIX No. 2 


oncrete. 

Eituminous Grouted 
Wearing surface 3*. 

Water Bound Macadam 

9" Metal over a brict 
soling. 

Total. 

.2 ^ 

S “ 

Jl 

o . d 

£.si 

1^1 

Total. 

Construction 
cost % sq, ft. 

Average 

Main- 

tenance. 

Total. 

53/- 

26/- 


26/- 

25/- 


25/- 

53/- 


3/0/- 

29/6/- 


-/6/- 

25/5/- 

54/- 


3/6/. 

32/12/. 


-/6/- 

25/10/- 

54/. 


3/6/- 

30/2/- 


13/11/- 

39/5/- 

54/. 


8/6/- 

39/8/- 


-/6/. 

39/10/- 

56/. 


3/6/- 

42/14/. 


./6/. 

39/15/- 

65/- 


3/6/. 

40/4/- 


-/5/- 

40/4/- 

65/. 


3/0/- 

49/10/. 


13/n/- 

63/15/- 

fiG/- 


3/0/. 

53/- 


-/5/- 

54/4/- 

56/- 


3/6/. 

50/6/- 


-/5/- 

54/9/- 

50/. 


3/0/- 

69/12/- 


.-/5/- 

64/14/- 

67/- 

1 


3/6/. 

63/2/- 


13/11/- 

G8/9/- 


I Publication of the Concrete Association of India about — 
Uts. 
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PLATE No. Ryi 


D BENGAL. 

-ih. 


XPEP171E/1T/H95. 


CROSSSKTION. 


piMPHALT COHCRtTf..f 6p’Cl«S icW. V 

*7 — ^ £• 

'• •• • • •' ‘‘t ’• 


r^lX^ApART, 


LONGITUDINaC section. 


JOIST »*t'wipt 
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DISCUSSIONS ON PAPER No. 35. 

Mr. A. X. Datta : — Mr. Chairman and Gentlemen, — I have much pleasure 
in presenting to you my paper ^\hich is based on my researches during the last 13 
years. I started my investigations in leinfoiced concrete and brickwork as early 
as 1916 under Mr Brebner at Patna, who was then Executive Engineer there 
(now Chiei Engineer, Government ol India). First oi all, we used reinforced 
brickwork in buildings. Later on when the question of corrosion of rods came in 
we combined concrete with brickwork and iatroduced this R B. C. (reinforced 
brick concrete) in building construction. We found afterwards that this material 
was very suitablo for load construction We tried this on many roads carrying 
different kinds of trafUc — both light and heavy — and it proved very satisfactory. 
The bricks are placed at intervals of two inches and cement eonciete is placed 
on the top and in the joints so that the whole thing — bricks and the conoreto 
in the joints and at the top work together as one mass Tlie upper concrete does 
not separate from the main body of the slab This type of construction has one 
advantage over all concrete ; it costs much less than an all-concrete construc- 
tion of the same thickness, because, as you all know, bricks are the cheaper than 
cement concrete. Wo have made sexeral trials with reinforced concrete since 
1930. At Lucknow it was tried on the Unu'ersity Road opposite Canning College 
eastern gate in December 1935 I xvent there the day before yesterday to have 
a look at the road, and I saw the part on which much of the trafBc passed but 
did ndt find any cracks or any sign of deterioration. It is )ust like an all concrete 
slab In other parts of Lucknow they have concrete tracks of the thiclTiess of 
six inches, hut here we used three inches bricks spaced one and iiaU inches 
apart with two inches of concrete at the top We take special care about this 
brick concrete, and where the espaosion joints come in wo provide some extra 
concrete at the ends. As regards the extent to which we could go about the 
depth of tlie top surfacing, I may say that formerly many of us must have seen 
that when we laid bricks quite close and put cement mortar both in the joints 
and on the top that cement mortar did not peel off. I made some similar con* 
struction hcie in 1928 and I find that even with a tbm surfacing we did not find 
any such separation in 1937. In our road construction I have tried with one 
inch topping — I have gix'en somo details m the paper— and I think xve can go 
still further. You hax’O seen at Unao that the amount of abrasion iu those reads 
during the last 6 or 7 yeai*s was only i inch or less. If wo find that the use of 
one inch concrete in the upper surface has not abraded to that extent in 6 or 7 
years we can reduce the top cement concrcio still further. In my paper I hax’e 
■given, a list of actual constructions we have made. We have tried this m Bengal — 
on the Galcutta-Jessore Road, which Mr. Mitchell saw I think. It was con- 
structed in April 1932, and it is now in a perfectlj good condition. Then we have 
tried this on the Jaggannath Ghat Road. I suggested to the Chief Eogineer of 
the Calcutta Improvement Trust who was laying concrete roads there to trj’ my 
system, and he readily agreed to trj' it and to nse those bricks with cavities. 
That road was constructed two years ago It is now in a perfectly good con- 
dition. The traffic is veiy heavy there. It would be interesting to discuss tho 
right position of reinforcements for slabs subjected to heavy traffic. I have given 
my views in my paper, that where the foundation is good wa can provide rein- 
forcements at the top, but where the foundation is defective we can provide some 
at the bottom and somo at the top or at the bottom only. 

Tho next thing which I would like to tell xon and which I hare not 
discussed in my paper but which has been raised b\ sex eral cnsineers is about the 
co-cfficients of expansioa of bricks and concrete. Tho co-efficients of expansion 



of bricks and concrete are .iKaetically similar. For bricks we take the co-ofQcient 
of expansion as 0.0000055 and for concrete it is 0.000006. They are practically 
similar. If you just look above at the ceiling of this hall you will find that 
the slabs are all R. B. 0. slabs. If you scrutinise them carefully you will find not 
a single crack anywhere As regards warping, wo all know that in the case of 
these concrete slabs the ends warp out but when the same is bounded with a 
layer of bricks below warping stops. 

I have laid special stress in my paper on three points : — 

(i) Necessity of a cheap supply of cement; 

(li) Necessity of cheap transport: 

(iii) Necessity of bonded brick concrete where we replace the 
maximum quantity of concrete by bricks at the bottom. 

So that a combination of these three may reduce the cost of Bonded Brick 
Concrete practically to the cost of ordinary road macadam. If we can do 
that We can say tliat a time will come when we shall be able to do 1000 miles 
of concrete road eveiT year At present we have got barely 250 miles. In my 
paper I have suggested that we want the cost of cement to be Es. 25/- per too. 
I am glad to inform you — it is good piece of news for road engineers — that new 
cement factories are under construction at Dehri-on-Sone and Charkhi Padri, 
and the Managing Directors have told roe to declare before this Congress that 
in January next they would bo able to supply cement at Es 26/' a ton f.o.r. 
factory. I recently met the Managing Director at Delhi and I got still better 
terms. He offers cement now at Ks. 23/- per ton f o r factoiy for road works. 
Now that we are going to get cement at this rate, I hope the Government of 
India and the Railway Board would reduce the cost of transport. If they 
reduce the cost of tiansport we can get cement cheaper still and with our cheap 
roethod of construction we shall be able to produce concrete roads at 50 per cent 
of the present cost. 

Chairmau: — Would any member like to speak on this paper? 

Kr. K. G, Mitchell (Government of India) — The Congress is trying to 
standardize expiessioiis The word "subgrade" in paragraph 1 is I think incoirect- 
ly used At page 125 of the paper Mr. I>att.a has given us some indications of the 
traffic for which his various specifications .are suitable. On looking through the 
paper this morning I cannot find any statistics of traffic in legaid to any of 
the experiments which bo hag mentioned in the paper. Ho has told us that by 
the use of bonded brick concrete we can use a much thinner concrete surface 
than otherwise would be possible, t.e . the whole benefit lies in bonding. But if 
you look at the figuies 14, 16 and 10 on p-ige 113 and figure 18 on page 114 you 
will see that he seems to propose to Jay one-inch concieto slabs in separate layers 
not bonded with the conciete below. This suggests that he thinks that an inch of 
concrete by itself is sufficient. Ho also said in the paper that in weak found- 
ations reinfmcements should bo used at tlio bottom. I should like to ask him 
why? If the foundation is weak there is no moio reason why it should be suji- 

ported at tlio edge of the slab than at some middle points Actually, though it may 
sound a heresy, I am disposed to think that the best place to place leinforce- 
ment is in the middle. I would like to 'ask Mr. Datta : supposing, having read 
his paper, I go off tomorrow and try to follow his suggestions and make rein- 
forced brick roads, how much would it cost mo in royalties ? 

Mr. N. Das Gupta i — Mr. Chnhman and Gentlemen, — I must congratul.ito 
Mr. A. K. Datt.i on Ins excellent p.iiicr, hut I would like to draw your attoutioii 
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lo the table giren in Appendix 2 of his paper giving a comparative statement of 
the cost of roads including repair coats. Columns 7 to 2 of the table are taken 
from the imblication of the Concrete Association of India about comparative 
costs.’ You will find that the initial cost of bituminous grouted wearing surface 
has been shown as Es 26/- per 100 square feet and the ai erago maintenance 
cost as Es. 3/6/- per 100 square feet ea cry 5 ear. The engineers of the Public Works 
Department present hero know bow far this statement is coirect Eeferring to 
page 41 of Jlr. Dean’s paper (Ino. 34). Wo find that the cost of 2V' grouting 
was Es. 2/6/- per square feet or Es. 26/2/- per 100 squaie feet. So far so good. 
Now, regarding maintenance we find tho total up-to-date cost is only Es 810 
over a period of nearly four years The totallength of the stretches is half a 
mile and we may take the average vadth as 16 feet , »o that the maintenance of 
an area of 42,200 square feet was only Es. 840 or Es. 2/- per 100 square feet for 
a period of four years. So that the average maintenance cost comes to only 
eight annas per 100 square feet per anuum and not Es 3/6/- per 100 square feet. 

1 would only request the Cement Concrete Association to give facts and not 
exaggerated statements. 

Hr. Arifaddiu (Hyderabad) : — Mr Chairman and Gentlemen, — we have 
all read with great interest ilr Datta’s Paper on Bonded Brick Concrete Koads. 
The United Provinces and Bengal aie favoured by nature m the matter of good 
soil for buck, but unfortunately the Deccan and particularly Hjderabad, is not 
favoured by nature m this matter. Our bricks are perhaps the worst m India. 
But God has given us plenty of good stones and good lime. I feel that tho alter- 
nate for us lies 10 the use of stones I should like the author of this paper to 
enlighten me whether ho considers the use of stoue slabs about I to 2 feet with 
joints filled up with cement concrete to be quite as satisfactory as brick or small 
stones. 

In Hyderabad Nawab Absan Yar Jung, the Chief Engineer, Drainage 
Department, has built a road with lime and cement concrete. 1 noticed that 
though from the point of view of the weanog capacity of tho material it 
was not much of asuccess, there waf not a single crack on this load ; which 
show'ed that even lime concrete G inches thick with a little mixture of cement 
can hear the pressure of ordinary tralhc. .4s such 1 feel that if we have a 
3 inches or 4 inches weak cement mixture overlaid with one inch, if inches or 

2 inches of ri< b mixture, there is no reason why the road should not be successful. 

I should bs obliged if Mr. Datta will giro his opiniou on tins question and also 
on the possibility on the la)crs ever separating from each other. 

Professor Eaja Earn : — Mr. Chairmau aud Gentlemen, — Mr. Datta in in- 
troducing his paper had remarked that the co-ethcient of expansion he had 
taken for bricks was 0 0000055, he also said that the co-elhcient of expansion 
for cement concrete steel w'as nearly equal to this figure 1 would like to ask 
Mr. Datta on what basis he has taken the co-efiicieot of expansion of bricks 
Has ho himself made an> expenmeots ? Or has be taken the figure from tho 
.4mericau Civil Engineers’ Pocket Book ? I maysa> that m m) opinion, the co- 
efficient of expmsioii of bricks depends upon the nature of the material from 
which bricks are madd and also upon tho rango of tempcr.iture at which tlit-y 
arc burnt. Wo c.iimot put at tho simo figure the co-efficient of expansion of 
all bricks made from Kashmir to Caite Comonn. There is no such thing as a 
standard brick in India. In England there is blue Etaflordshirc. 

I would also like to ask Mr. Datta if he has taken into cousMeration tha 
factor known as Poisson’s ratio into account in his calculations of lleinfurce 1 
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i3nc^work Blruoturcs ? Cftii ho givo mo a figuro for Poisson’s rntio for Poin- 
forced lh•iok^YOl•lv ? 

Mr. W. A. Eadicc : — ^^r. Clmirmnn and Gontloinon, — I linvo not given 
this paper the study it dosorves, but from a rather superficial reading of the 
letter press atid examination of the dingtanis it scorns that the reinforced 
hiick load proposed has very litllo vertical shear value. Tlieio are vortical 
planes of weakness in shear in all directions. 

I should like the author to toll us whether the tost stretches of his road 
surfacing described by him avoro laid on existing roads, ^vhoso surfaces hnvo boon 
consolidated for years or whether any of them wore laid on a no\\ly constructed 
ombanlcmont without any soling beyond that provided in his designs and cost 
data. I ask this question because tost surfaces laid on old niotallod surfaces 
seem to mo rather to beg the question. They aio laid on a strong foundation 
already pi'ovidod free of cost. 

Mr. A. K Datta (Author): — ^^r Chairman and Gentlemen. — as regards Mr. 
MitohoU's ohsorvalions, my reply is as follows. In the case of bonded brick 
concrete, with the cement concrete surfacing it produces sound and economical 
concieto road whore the suhgrado is of brioks down holow with which the sui* 
face concrete is intovhondcd. by extending iibs of oonoroto into the joints, 
between the bricks. The word “suhgrado” is not properly nsod. As rcgaids traOio 
tlgurcs, they are given lu tlio p.n>or On the Ynhiapur Poad ( Allahabad ) the 
troftio is about 200 tons a d.ay Formoily whenever llioie was a heavy shower 
water flowed over tlio road surface to a depth of about 2 foot or so with groat 
voloelty. Formerly a coat of water-bound macadam was used every year and 
that was washed olV by tlio rushing water during the mins The road as con- 
Btniotcd at ptosoiit is quite satisfactory Thou on the Hospital Pond in Barisnl 
the tradio is about 200 or 000 tons a day. On the Jnggannntli Ghat Poad it may 
ho about 4 to 0 thousand tons a day. On the Collocterato and Chowk Bnjwr 
Ponds tlio trafiio is about 800 tons a da) J think Mr Mitoholl leferrcd to thin 
concrete surfacing at the top Whoro tho cost of stone is very high tliis is a 
satisfactory way of roduoing tho cost. * 

As .regauls the jiosiciou of the roinfoivemculs, wo tiled tho oxperimoDts 
mentioned in tho Concieto .lournal oo tho Jnggauuath Ghat Pond In one of tho 
experiments the icinroicoiucut was used at tfio bottom and in auothcr at tho 
top. Of coume, both me standiug tho tmtlio equally well. 

.•\8 regards Mr Das Gupta's remarks about the mniuteuauco cost, of coumo 
1 took tbo ilgurcs from tho Concreto Association's roports. 

A member:— These figmos are too years old? 

Mr. A. K. Datta (Author):— Yes Even taking tbo lower figure wofiud that 
Ibo maitjlon'inco cost of concreto road is much lower than any that wo have. 

Mr. Arifuddiu has said that good bricks mo uot available at Hydembad. 

I ha^o also taken that point into considemtion during my iiuestigntioi). lu 
hilly places wo find kallast vor)* cheap and bricks of ^ely poor quality. What 
w-o do in such places is— I havogiicu some ligmcs m tho papot'— lu diagram 
No. u— wo insert bouldeis m the plnco of tho bricks. I ngico with Jlr. .\rihiddiu 
that ho can u>o slono blocks In tha place of hticks aiul luinforco them propetly 
and proytdo espiuisiou joints at regular intervals. As ivgards the use of tho big 
slu'bs with loiuforcciucnts, 1 have also got thi» tiling iii >iuw. I halo made 
some experiiiieuts, aud it would bo a good thing if this Congress ghes mo sonio 



14G 


money to make experiments further and repoit the results at the next session. 
As leyaids his remarks about lime and cement, this problem has been vexing me 
for the la'it seven jcais I do not say I have been completely successful, but I 
have paitly succeeded. Wo tried lime with molasses and used tho molasses as a 
binder foi limo concrete It hardens veiy consideiably, and it still further 
hardens 'when it is treated ^vith sodium silicate If we mix up about 10 per 
cent of molasses with lime concrete wc will find that the strength is cent per 
cent gieater and if we treat the surface with sodium silicato we will find that the 
surface will bo haidened by another 25 per cent oi more Wc are just making 
furthci experiments on those lines. 

As regards the co-cillcieiit of expansion of biicks and concrete, I leave it to 
you to see. The roofing of this, h.ill was constructed sometime back, and 
>ou will find not a single ciack anywhere We have constructed any number of 
slabs, and wo do not find anj scpaiation between the buck and the concrete. 

Chairman. — It is now time for mo to thank >Ir. Datta on sour behalf for 
his interesting paper which has icsuUcd in such an interesting session. I do not 
propose to take up much of your time, because tho time left at ourdisposal is 
now very short and you have got two othei papers to discuss, but I do wish to 
enter a mild caveat against tho yaid stick of piogress advocated by Mr. Datta 
which appears to be the rate of pi ogress of concrete roads Tliisyard stick should, 
in my opinion, be something like tiie rate of improrement of our roads to such 
standards as would carrj the traffic that u likely to develop on them m the not 
too remote future 


CllAiRMvs* — Rai Bahadur S. N Bhaduii. 


Chairman — I now call upon Mi Sondhi to introduce his Paper, 


Tlio following paper was then taken as read — 


Papa jYo 3T 


INDL\N "ROAD-AGGRDGATES”. THEIR USES AND TESTING. 
By 

R. L. Sondhi, I S E , 

Eiecutue Engineci, Public IPoi^s Dcpaitment, Punjab. 


Note — Quotation! tn this paper are fiom (i) Ihuh-icny Engineers’ Hand- 
book by Ilaiger if Ronuey, (i?) “Jload Aggiegates,” by Knight and are 
annotated accoi^ingly nheie the text does not make the souice clear. 

Object of the PajJer . — .k very useful article, on attrition tests on stones useil 
as ro.ul metal in India, by Mr M. S Krishnan, ^^.A. Ph.D , nppcareil in the 
Rcccmls of the Geological Survey of India, YoL IjXIX, part 3, 1935. It was 
reproduccil in the magarine ‘"Indian Roads” of April 193C. 

This p.\i>er is intendcil to offer comments on tho contents of that article, 
from the ivaint of view of tho road engineer, to make a brief comparison of 
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Brickwork structures ? Can he give mo a figure for Poisson’s ratio for Eein- 
forced Brickwork ? 

Mr. W. A. Eadice : — Mr. Chairman and Gentlemen, — I have not given 
this paper the study it deserves, but from a rather superficial reading of the 
latter press and examination of the diagrams it seems that the reinforced 
brick road proposed has very little vertical shear value. There are vertical 
planes of weakness in shear in all directions. 

I should like the author to tell us whether the test stretches of his road 
surfacing described by him*were laid on existing roads, whose surfaces have been 
consolidated for years or whether any of them were laid on a newly constructed 
embankment without any soling beyond that provided in his designs and cost 
data. I ask this question because test surfaces laid on old metalled surfaces 
seem to me rather to beg the question. They are laid on a strong foundation 
already provided free of cost. 

Mr, A, K Datta (Author): — Mr Chairman and Gentlemen, — as regards Mr. 
Mitchell’s observations, my reph' is as follo^vs. In the case of bonded brick 
concrete, with the cement concrete surfacing it pioduces sound and economical 
concrete x'oad where the subgrade is of bricks down below with which the sui- 
face concrete is interbonded, by extending ribs of concrete into the joints, 
between the bricks. The word "subgrade” is not properly used. As regards traffic 
figures, they are given in the paper On the Yahiapur Boad ( Allahabad ) the 
traffic is about 300 tons a day Formerly whenevei theie was a heavy sbowei 
water flowed over the road surface to a depth of about 3 feet or so with gieat 
velocity. Formerly a coat of watet'boond macadam was used every year and 
that was washed otf by the rushing water during the rates The road as con* 
structed at present is quite satisfactory. Then on the Hospital Boad in Barisal 
the traffic is about 500 or 600 tons a day. On the Jaggannath Ghat Boad it may 
be about 4 to 5 thousand tons a day. On the Collectorate and Cbowk Bazar 
Hoads the traffic is about 800 tons a day 1 think Mr Mitchell referred to tbm 
concrete surfacing at the top. Where the cost of stone is very high this is a 
satisfactory way of reducing the cost- * 

As regards the position of the remfoicemcnts, we tried the experiments 
mentioned in the Concrete Journal on the Jaggannath Ghat Eoad. In one of the 
experiments tlie reinforcement was used at the bottom and in another at the 
top. Of course, both are standiug the traffic equally well. 

As regards Mr Das Gupta's remarks .ibout the maintenance cost, of course 
I took the figures from the Concrete Association's reports. 

A member : — These figures are ten years old ? 

Mr. A. K. Batta (Author): — Yes. Bven tabiug the lower figure we find that 
the maintenance cost of concrete road is much lower than any that we have'. 

Mr. .\rifuddin has said that good biicks are not available at Hyderabad. 

I have also taken that point into consideration during my investigation. In 
billy places vve find ballast very cheap and bricks of aoiy poor quality. What 
ire do in such places :s~I have gi>en some figures in the paper — in diagram 
No. w— we insert boulders in the place of the bricks. I agree with Mr. Arifuddiu 
that lie can Ubo stone blocks in the place of bricks and reinforce them propeily 
and provide expansion joints at regular inten’als. As regards the use of the big 
slabs with reinforcements, I have also got this thing m iiow. I have made 
some eaperimeuts, and it vould be a good thing if this Congress gives mo some 
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money to make experiments further and report the results at the next session. 
As legal ds his remarks about lime and cement, this problem has been vexing me 
for the last seven \cais. I do not say I h.ive been completely successful, but I 
have paitly succeeded. Wo tried lime with molasses and used the molasses as a 
binder for lime concrete. It hardens vciy considciably, and it still fuither 
hardens •w bon it is treated with sodium silicate. If we mi-x up about 10 per 
cent of molasses with lime concrete wo will find that the strength is cent per 
cent gieater and if wo treat the stirhice with sodium silicate we will find that the 
surface will bo haidened by aiiotlici 25 pci cent or more We aio just making 
further experiments on these lines. 

As legards tlic co*cniciciit of expansion of liiicks and coucretc, I leave it to 
iou to see. The roofing of this h.iU was constructed sometime back, and 
>ou will find not a single ciack anywhere We have constiucted any number of 
slabs, and wo do not find any separation lictween the brick and the concrete. 

Chairman. — It is now time for mo to th.mk Mr. Datta on jour behalf for 
his interesting paper which has lesulled in such an interesting session I do not 
propose to take up much of your time, because the time left at our dispos.il is 
now veiy short and jou have got two other papers to discuss, but I do wish to 
enter a mild caveat against the jaid stick of piogress advocated by Mr. Pattn 
which appears to be the rate of piogress of concrete roads This j ard stick should, 
in mj opinion, be something like the r.ite of improvement of our roads to such 
standards as would carrj the tr.vfhc th.at is likely to develop on them m the not 
too remote future. 


CHAIRifSN' — Ral Bahadur S N Bh-aduri 


Chairman : — I now call upon Mr. Somlhi to introduce his Paper. 


The follow ing paper was then taken as read . — 


Papa No. 37. 


INDIAN "ROAD-AGGREGATES”. THEIR USES AND TESTING. 
By 

2?. L. Sondhi, I.S E , 

Execiilii'e Engineer, PuhUc lEoiks Department, Punjab. 


Xote — Quotations i't this paper are /lom (2) Htyh-tcav Engineers’ Hand- 
hoot by Ilatger cf nonney, {n) “Dead Aggitgatesj’ ly Knight and are 
annotated nceoi^inghj icheie the text does not mate the source clear. 

Object cf the Paper , — .A v en useful article, on attrition tests on stones used 
as road metal in India, by Mr. M. S. Krishn.in, M A. Ph.D., appeared in tbo 
Rcconls of tlie Geological Sun e> of India, Vol LXIX, part 3, 1935. It was 
rcproducctl in tlie mag.izine "Indian Roads” of April 193C. 

Tills pajicr is intcndoil to ofTcr comments on the contents of that article, 
from tbc iKiint of view of tbe road engineer, to male a brief comparison of 
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the propertie*? of the various stones, so far tested at AHpore Test Uouse, in 
relation to their use in water-bormd macadam, bituminous or concrete roads and 
1,0 compare those stones with stones regarded ns good in other countries. 
Suggestions are also made for conducting further moi’e detailed and more 
systematic researches in the properties of road aggregates available in this 
country. 

ilr. Krishnan’s Pairer is mainly an ahsti*aet in tabular form of the results 
of the attrition and specific gravity teats on road stones earned out at the 
Alipore Test House since 192-1 His conclusions (summarised at Appendix l) 
on the relative qualiticb of stones, ba^ed on tlie results of petrological 
examinatron are of a ret^ general natiiie and appiv, mainlv, to the use of 
these stones in riater-buund macadam. Although an extensive milage of this 
type of road siuface ^\lll exist for a long time to come, regard must also be 
had to the increasing recent use of bituminous and cement concrete surfaces 
to meet the difficulties biought about by fast motor ti-aflic. Tlie special 
behaviour of stone aggregates in such sui faces has not been considered by llfr. 
Krisbnan. 

'With the ever increasing demand for improved roads and their increasing 
milage means must bo deviserl to carry out their construction and maintenance 
srith economy. The economy to be reallj effective must be applied to the 
biggest item of the lull .\ggicgate constitutes that item and actually carries 
the traffic It is, therefore, incumbent on the road engineer to apply scientific 
research to “road-aggregates” and to use only such as x\-ill for a particular 
specification give tiro longest seivice at tiio minimum initial and repam cost. 

QUALITY OF AGGREGATE FOR DJFFEREI^T KIIIDS OF 
ROAD SURFACES. ‘ 

The first thing to decide is the qualities desired in aggregates employed for 
the different classes of road suifaces DOW constructed in India and the next to 
find out from results, so far asceitained, liow far the desiderata are obtained in 
the aggregates available m this country 

Let us, tbciefoic, consider the requisites of each cla^s of surface 
seriatim * — 

(1). Tl^-f TER-JiOVFD il/.I CA DAM. 

Tlie water bound milage in Biilisli India consists of: — 

•10180 ^lilcs of stone metal and 
17.'183 Miles of ‘Kanhai’ or laleiile. 

Kanlar and soft lateiilc io.ads, though ven dilslv, stood up faiilv well to 
the tiaflic of foimer il.i\s but mnv ileteiior.ite rjipid!>. The reason is that the 
bullock-cait grinds ibe iitetiil to dust. In pre-inotor daj s it remained to a lav'e 
evttnt on tlio ro-rtl surface but non is sucketl out by fast tuifbc and is blown 

. »ts u5. 

’ (») Physical prcpfi/iV^ lequifcil in nn oyyjfgate /cj a vniei-louml 

iiiacadnv: rraA. 

v\itb tbo naluiai and im'clmiiical de-lruclivo agencies, lo tbo 
atom* for use in Iho surbreing of this class of load should bo 
to uitlist.iiul the nbiashc uctiou of iron-tyrcd biillock- 
\ibratory action 'of high speed-motor vehicles. It phould 



143 


fileo liijli cniOiini: tlrrnctli nntl c^m^'nlin" power i\tit1 Rlmiild not conliin 

nn\ ‘•oft nnirnaU Unl nir lilrlv fo clifcin!o::r.iIf» ripidiv uinlrt tlio infliiniro <if 
wo.-ttlirr roiiditmn* Tli '”'0 aif found lo^ctlur im nny IiikIi 

«lci:iTx* TIuih tInU, UiourJ' U m'I, i** «>{t»n Iniiu*’. oud mmuo •■cUi-tu-o nr *.Ul> 
roefv®. ft!lliou^:lj inti) nti'l ton^lj wlion oftrji %\li('n (’XjKi'-rfl 

to xxc.iUicr. Tlio qmlilj of rolitkiim ir nitU in coinlmnlton with 

rxtn’iiK' Inn1nc'>s .md toiii;hno Malrml ««ll o'luolidxtnl nml imitc<l in 
inaRR. ro-i'-ts cnj‘-htn 2 tnnrh U 1t< r thin X’ In n I rttidM^'-l hituhirj propoitj 
cn.ihloR a Rlono ronijni.itMth v« *1. t«» lx n Ix*im tlim i hutid vUnio wlurli 
(Iocs not liind. Tlio trlitno \ohir. #.f vj ijir. , 1 . iniiij.-i !•» cMtitn plijMcd 
tc»-ts. (lc'«cnl>o(J Ix-lov.. 

Connon I'h'niril Tfl'- 
.■fZ-rn'iC'i cr //or.frirn Tf’i. 

Hanlnovs i*. the ahililv to rr*ist diird 'iln »>.i .n li is tested m wlnt is 
callM tho I)orr> Marlnnc Ii\ KnndinK .* <vlind<i «d ii..* •.tune J * rentinictirs 
in diameter on a cast iron disc with a piessin.* .f J'» iniines |sm sipurij 
ccntiimtre, rotated nl tlf) rcaohitions |xt nnnitte usim; iruslusl ipi irtr .is an 
alirasiao The loss in ftrams |xt l.fHHI ivvohitions is nieisiiusl ,ind the tiiialUj 
is cxjitx‘s«o<l hy the ro r^'Vrjrnf e/ wni.hini. 

h '20*'^ where h is tho cO'cnicieiil <»f lianiness anil w the loss in {jrams 
jv?r 1,000 rctoliillons. A K(w 1 lime stone will show a \.ihic of li of 12 to 15, 
and ftninitp and trap of 15 to Ith Accoitliiif* to H. 1! Knmht (The Ihnd Makers’ 
LilK'nir>' Vol JJI, ‘T or Rood steme the hanliiess should Iw 17 or .vIkivc, from 17 to 
14 tlio stone is considortsl to l>c iiKslimii (|uilit>, while a fisnro l>clo\vl4m- 
(liCittcs a stone wliicli is too soft for roadstonc. It Ins hecn found tint the 
differences shown hj this test for diffciont Monos do not tu'(.oss.»ril> ngico willi 
tlio practical cviKiiience of the l>eln%iour of stones under traflic." 

The Page Impncl /oi tf>ughne%%. 

Toughness is the nhilitj to je-ist iiiipict. A c>Jinder 2.5 tnillimetrcs in 
l>oth length and diamotor h.is the iiop.t(l fioiii a 2dvilogniiiimo h.immcr 
transmitted to its end thioiigli a Meel Mock with a sphori(..il heiung Tho blows 
start with a fall of 1 ceiitiinetio and wliicli is incretstsl hj 1 continiotio fm e.xcli 
blow'. The heisjht of the 1 1 st Mow in ceiilimelres is f.iLin ns tho measnro of 
toughness Lime Stones iisuallv range fioiii 10 to 1,5. yi.iiiito 1.5 to 20 and trap 
20 to 40 This test is, accoidiiig fo Mr. Knight, “The most iiifciiniatnc and signi- 
ficant of mech.iiiic.il tests and goes a Jong waj to indic.ito tho value of a stone 
for voad-maWing pwrjKJses esj«ciAl!> vf tonsMeieil in conpmetion with tho icsuUs 
of the Dev.al Attrition Test A higli class road making stono will withstand 
nineteen or more blows under this test , Init foi some tiafiic conditions an impict 
of sixteen or eighteen is pennissiMe ” 

Atlrit/ofi Te%i tcilh the Devnl Mnchtne. 

This is a combined wear and impact test inado hy placing n washed and 
dned sample weighing 5,000 grams and consisting of 50 togments in a cast-iion 
cylinder 20 by 34 centimetres in diamensions, set at 30 degrees with a shaft and 
rotated at 30 revolutions per minute for 10,000 rex'olutions. The sample is again 
washed, dried and weighed The percentage loss of weight called the per cent 
u-ear, is taken as the measure of the wearing qualities of the stone The Fiench 
Co-effictent of wear was formerly much used and is still fiequentlj specified. 

40 

loss of weight per cent 


r. 0. 
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the properties of the various stones, so far tested at Alipore Test House, in 
relation to their use in v,'ater-bound macadam, bituminous or concrete roads and 
»,o compare those stones with stones regaidod as good in other countiies. 
Suggestions aie also made for conducting further more detailed and more 
systematic researches in the properties of road aggregates available in tin’s 
countrj’. 

Mr. Kiishnan's Pajier is mainly an abstract m tabular form of the results 
of the attrition and specific gravity tests on roail stones canied out at the 
xMipore Test IIouso since 1934. llis conclusions (summarised at Appendix l) 
on Ihc lelative qualities of stones, ba‘'ecl on the icsults of petrological 
c.vaminatian aic of a veiy geneiaj natuie and apply, niamlv, to the use of 
these stones in v.-atev-hound macadam Although an e\tensis e milage of this 
type of load suiface mil e.vist foi a long time to come, regard must also lie 
had to the increasing recent use of bituminous and cement concrete suifaees 
to meet the difiiculties biwight about by fast motor tiafiic. The special 
behaviour of stone aggiegates in such suifaees has not licen considered by Jfr. 
Krishnan. 

With the evei increasing demand for improved roads and theii increasing 
milage means must bo devised to carry out their construction and maintenance 
nitli economy. Tlie economy to be really elTectiie must be applied to the 
biggest item of tlio hill .Aggiegate constitutes that item and actually carries 
the traffic It is, theielorc, ineumlicnb on the road engineer to apjdy scientific 
lesearcli to "load-aggregates” and to use only such ns will for a particular 
Biiecification give the longest senicc at the minimum initial and repaira cost. 

QUALITY OF AGCiUEOATE FOB DIFFEBEKT KIKDS OF 
J701D SVBFACBS. ' 

The fiist thing to decide is Die qu.\lities desired in aggicgates employed for 
the difTcrent classc-s ol load surfaces non constructed in India and tlie next to 
find out from results, so far ascertained, how far the desiderata are obtained m 
the aggregates aiaihihle ni tins cDunir> 

Let us, theiofoie, consider the lequisites of each class of surface' 
Fcnatim — 

( 1 ) WA TEB-BOUKB MACADA^tt. 

The watei hound nul.ige hi British Tiidi.i consists of. — 

40180 Allies of stone metal and 
17.'183 ^^ilcs of ‘Kankai’ oi lateiito. 

Kanlcar .and soft Lateule lo.ids, though leiy dustv, stood up faiiJv well to 
the tiafiic of foiinci but now ilcteiioratc i.ipidlv. The leasou is that tlio 
liiilloch-cait grinds Ihe mctsil to dust. In pic-uiotoi days it icmuincd to a huge 
exhnt on Die road smf.ire but non is suck^ out by fast tiafiic and is Llonn 
away. 

(a) rhu-itcal properties lequtteil m an aQQirrja/e for a tcnle>-lcnnl 
tiiijcndavi irad. 

To copo uilli the natur.tt .and niechaiiical dostinctivo agoncios. to the 
extent Jtnssjhlc. stciiiu for use in Die siiifacing of tliis class of road should ho 
sound, hard mi(l tough to withstand the abiasho iielion of iron-tned Imlloek'- 
cart Iraflic and tl'C libratorj action 'of high speed-motor vehicles. It should 
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A maximum per cent of wear of 7 or a minimum F.C. of 0 is usually re* 
quirecl for witer-bouncl nracatlam stone. 

Cinshhuj (or compiessive) Sltengtli Test. 

This is made on cubes or cylinders jimV'any apparatus may be used whicli 
has compression shackles designe<l to ensure an axial loading of the test speci- 
men. '' (2). A cylinder 2 inches in diameter by 4 inches m length should give a 
value of at least 10,000 iK>unds jicr squaic inch on a stone having a per cent of 
wear less than 7. 

Cementation Test. 

Cementing value is of special impoi'tanco in macadam stone It is tested 
by grinding the stone uitli distilled water in a ball mill and moulding the result- 
ing paste into c>lincleis 26 bj 26 millimcties Tliese are dried and then broken 
by the impact of a 1 Kilogramme liammer hilling 1 centimetie. The number of 
blows**is the critci ion Sandstone shows little cementation, limestones 25 to 300 
and trap 100 to 800 A mininnim of 25 is usually requiicd. 

Specific fjiavity Test. 

The chief utility of this le^t is m connection with the identification of the 
stones I'loicovoi, from it the weight pci cubic foot of volume can bo calculated. 
The specific gravity of loek langcs fioni aliout 2 6 to about 2.9. 

Test. 

“T\io significance ot tins lest is the measurement of the amount of 
jioro Bjiaco in the lock, and licncc it is in sonic way a measure of the weakness of 
the rock, since pores aie a souice of weakness under traffic . though this test is 
not as significant as tlie inoic mechanical ones indicating the physical properties 
of btono In most cases a lock whtcli has an absoiption of more than 1 pound of 
water poi cubic foot of Htone. should l>o lejccted. unless considerations of the 
other tests taken as a whole milicatc otliciwise Tiio test is of moixi importance 
when choosing a scdimentarj’ rock than an igneous one." (2) Tlio results, so 
far, obtained show that “The stiength ofcortam stones diminishes after continued 
exposuio to wide ranges of temperature and host, and that foi stones which 
are submerged undei watei the stiength decreases as the porosity increases, while 
the fmcr-poied atones aio the weakest " (2). 

The above dcscrihod tests have Iwcn indicated in Sfr Krislman’s Paper ; 
but be has described onh the Attrition Test and the results tabulated by liim 
icfer onlj to tins test and the specific giavity of the racks. 

Fityther physicnl Tests. 

In addition to the mote commonlj use<l tests, desciihed .ibovo, tlio follow- 
ing .are of value and some of these have been introduced only recently and have 
jet to cstiihlisli their cfricacj. 

Fracture Test. 

This is conducted under geological test with a Imnd lens “Stono fvuitablo 
for water-bound inacad.iiii should crush in cubical shajios latlrcr than in thin tl.it 
pieces, and piefemblj with lougli jagged fracturo so that it may intoilock firmly 
under action of the roller." .Vngularity or olhenviso of the edges of the indi- 
lidunl constituents is a most imiioitant charactciistio to cx.iinino when choosing 
a stone lor use as inncad.ini and chippings. p’urthcr, in sonic rocks tJio presence 
can bo ascertained of certain coloured minerals which indicate a poor rpiajity. 
The colours to be looked for arc a deep rusty red in granites, which generally 
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“As generally found, trap is uniform in hardness and toughness, making 
an excellent material for use in top course. Granite and gneiss, where they 
occur \Aith lioinblencle replacing a lai^go percentage of the quartz, make an 
excellent suifacmg stone Quartzites when found in good state of jireseiiwation 
are hard and tougli Tliey should not ha confused with ctysfcalline quaitz, 
W'hich is hard but brittle. 

Sandstones are extremely variable and only the better varieties should be 

used 


Lime-stones lange from the fine-grained dense products which are hard 
and tough to the coarse-grained soft products whicii are not suitable for 
surfacing.” 

As regards tbe woik done in England, at the National Physical Laboratory 
and olsewliere, the tlieoiy and piactice adopted in that country is as well- 
described in Volume 3 of Road-makei‘s’ Libeiary by Mr. Kniglit. His conclusions 
of these tests aie summansed as below; — - 

"Con^ideioUon of the )eviUi of ihe phi/ucal te^t% a? n tuhole. 

In choosing a stone foi loadmaking the following figures giie a good in- 
dication of tlie test laluoh to he looked for — 


Dorry Abusion Test 
Deval Attrition Test 
Page Impact Test 
Crushing Test 

Water AbsoiTtion 

Cementation Value 


17 imniinum co-ei£cient of baldness. 

20 minimum Frencli Co-efiicient of wear. 

10 blows minimum for macadam. 

10,000 pounds per square inch minimum for 
mactidani. 

0 0 per cent w’eight or 1 pound of water 
per cubic loot o! stone 
20 blows minimum. 


It IS important to remember that the results of the tests as a whole 
should bo t.iKen as indicative of the suitability of a stone for mad woik, and 
that even then there ma> Ik> iveakocss of structure or composition whicli are 
not lesealed by the iihvsic.»l tests hut which will he shown to ho present if tlie 
rock IS subjected to microscopic exaininatiou." 

In this CQtinectian lefeieitce ni.ay he made to a p.aper hy L V. Paifon, in 
which It IS sugge-.ted that too much iinpoitanco has heeinaid on the results of 
ciuslimg test 111 the choice of stone On the other hand the impoitanco of the 
inip.ict value and the ntti ition and nhiasion figums lias heen under-estimated. 
For instance, a stone with a cnisliing strength of 50,000 pounds pei sqiiaie incli; 
hut with an iminct value of say, onlv 11, is an undesualile stone for qse under 
lie.ii j Ihe lo.ids 


.\ formula is siiggestetl, namely : 


QUALITY = 


Wlicio a rcjircsents the cnishing stiength 
h ,. impact value 

,. c „ abrasion figure 

M d M attrition figure 

From these values the quality is 


Maxiimim IMiniimim 

50,000 35,000 

30 15 

13 20 

‘1 percent. 8 percent 

144 02 
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V frure of 150 taVcn In represent tin cTecptionnlly liifili qnality ftone, 

ana a-^ shoun in tlio taWc. n imminttm of rjri.ClOO ponnan t»cr f-qiinro 

inch forcn.s 1 nni;st,-onKllianaanimiuct%altioor tin niiniinui.i for lirvt cl.»«s 
stone with an avomjto wet an.l .lr\ attrition loss of 8 per rent, ihcsc fiRiirJs 
arc nk at all well relatcl to the known lieliavioiir hii> McaUcsts. for the 

number of stones which will n^sist a cnishinR atrcnfitli of oO 000 iwim s jicr 
souareincl. nmstho%erN few imlccd Tim use of ctnpencal fornmla of this 
kind ina% ho misloadins. and in ti.o piescnt state of our ImowIcdRo it is safer 

to compirctliousultsoU.umsl with those Knen h> a few widely uy ro.ul. 

stones the hehuM-Mu nf wlmh imdoi .ictu.il tialhc comhlioiis is wt-ll-known. 
The follow mj- table is Ruen foi pui-poses of comparison of this kind, and it may 
he of moic use in mteipietins the plnsical tesU in terms of the suitahility of a 

gnen material for use as i<McM..ne. than the tahlo of suggested nimmuim and 
mavmnm \alues guen sihoxe 


Qr/A/f/n'. 1 

no(7i' yA^fK 1 

1 

^ i-l £ 

li 

1 

a 

1 ^ 
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ti 
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1 
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Penlco 1 

Iloinfcls 

2 791 

1.38 


57,207 


015 


Bonowe 

Granite 

2.07^ 

181 

19 0 

35,100 

20 


1 good. 

HoltliwhUtle 

Dolcrito 

2.96' 

2 85 i 


34,900 

21 

0.09 ' 

1 









f Good. 

Tonfonaw 

Keratophy re 

2 90 

3 47 

17.5 


12 


) 

Fife 

Doleiite 

2 93 

12.69 

18.1 

20,000 

IG 

0C7 

Poor. 


This table fuitlier serves to show how misleading physical tests may bo, 

since tlie Fife Doleiite is shown to bo of high quality witli lespcct to impact and 
abrasion 'tests and yet under 'tiafiic it Ims liecn proved to bo imsatisfactoiy 
loadstone In tlie case of this stone, the test which is of significance is tlio Dovai 
attiition test, which gives, a tiuur indication of quality tlian do the other physi- 
cal tests In any case, the lesults ot a number of ph> sical tests of tlie same 
stone should always he considcied asa whole.” 


’ ’ ' ' to investigations made in the use of stone in 

joats”. in America and England with those 
, wiUboappieciated that weaio yet farhehmd 
in this puisuit and that woik of the geologist, and the load engineer in India 
in thisrespect needs a greater co-operation. Further investigation and’tahulation 
of stone tests on somewhat suniJai lines is loquiied. By careful study of ilie 
results it may he pos'-ible to determine, for Indian aggiegates formula for “quality ” 
and “weighted value”. Moieovcr the roa«I engineers all over India may be able 
to supply a more detailed and reliable information about the aggregate, as a 
result of careful observation of the actual behaviour of the stones under traffic 
which should be tabulated side-hy-side with the geological and physical tests. 
Mr. Krislman’s table may then be expanded on the lines of the American Tables 
at appendices 2 and 3 and the English ones given above The general conclusions 
Of Mr. Urishnaw for the Indian stonea are no doubt generally identical with those 
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“As generally found, trap is uniform in hardness and toughness, mahlng 
an excellent material for u-so in top comse. Granite and gneiss, where they 
occur with hoiubleiulc replacing a Iai:ge ])eicentage of the quaitz, make an 
excellent surfacing stone. Quartzites when found m good state of iireser\-ation 
are hard and tough. They should not be confused with crjstallino quartz, 
which is hard but brittle. 

Sandstones are exti-emely \ariable and only the better varieties should be 

used 

Lime-stones range from the fine-grained dense products which are hai’d 
and tough to the coarse-giamed soft products which are not suitable for 
surfacing.” 

As i-egards tlie work done in England, at the National Physical Laboratory 
and elsewliero, the tlieory and practice adopted m tliat country is as well- 
described in Volume 3 of Road-makers’ laherary by Mr Knight. His conclusions 
of these tests aie summaused as below : — 

"Contnhiation oj Die lesuUs nf Die phy-ncal test'i (t< a whole. 

In choosing a stone for roaduiaking the following figures give a good in- 
dication of the test values to bo looked for. — 


Dorry .Abrasion Test 
De^nl Attrition Test 
Pago Impact Test 
Crushing Test 

\Vater -Misoiption 

Cementation Value 


17 minimum co-efiloient of hardness. 

20 minimum Frencli Co-eflicient of wear. 

IG blows minimum for macadam. 

10,000 pounds per square incli minimum for 
macadam 

0 G pel cent weight or 1 pound of water 
per cubic foot of stone. 

2G blows minimum 


It 15 imiJOitant to remember that the results of the tests as a whole 
sliould be taken as indicatire of the suitability of a stone for road work, and 
th.it oven then there may be weakness of stnictme or composition which aie 
not revealed by the pb>5)c.il tests but wluch will lie shown to bo present if the 
rock IS subjected to iniciosct>i>ic oxamination.'' 


In tins connection lefeience may be made to a jiapci' by L. V. B.arton, in 
wliicli it IS suggested tliat too much importance has beeii^aid on the lesults of 
cul^blng test in the choice of stone On the other hand the impoitance of the 
impact v.aluc und the attrition and abrasion figures has been under-estimated. 
Foi instance, a stone witli a crush mg stieugtli of flO.OOO pounds per squaie incIi ; 
luit with an iinpict value of say, only 11, is an undesirable stone for use under 
heavy live loads. 


A forinitla is suggested, namely : 


QUA LIT Y = 


WJicio a rejircsents the cnishing stiength 
„ b ,, imp.act value 

,, c ,, abrasion figure 

,, d ,, nttiition figiiio 

rrmn these values the quality is 


Mavimum Miniimim 

50,000 35,000 

30 15 

J3 20 

4 per cent, 8 per cent 

144 82 
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A fisnro of ir»0 i<? tnkon to represent an exceptionally liigli quality stone, 
and «;uggc<;t<5. ns elio%\n in tlio table, n ininiirmiii of 11.0,000 pounds per squarc 

inch for cnisliing sttcngtli and an impact \ahio of ‘20 minimum for fust class 
stone, with an a\crnKo wot and di\ attrition loss of 8 per cent. Tlieso ligures 
are not at all well related to the known bohnviour tinder physical tests, for the 
number of stones winch will resist a crashing strength of 60,000 pounds per 
square inch must 1)0 \er> few indeeil. The use of ctnpcrical formula of tins 
kind may ho misleading, and in the I'lesont state of our knowledge it is safer 
to coiiip.xie the lesults ohtaimsl with those given b> a few widely used load- 
stones, tlie hchavinur of winch umlei ailual liaflic coiulitions is well-kiiown. 
Tlie following table is given for purposes of compaiistm of this Kind, and it may 
he of inoie use in intpqireting the phvsical tests in teims of the suitability of a 
given material for use as loadstone, than the table of suggested nimimum and 
inaxnnuni values given above 
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QVAnHY. 1 

nncK yA.VE 

1 

1 1 

1 i 

i 

t §• 

‘ 0 


! < 

QUALITY 

Penleo 

Ilonifeh 

2 79 1 

1 .38 


67,207 


015 

1 Very 

Bonowe 

Granite 

2.G7' 

J 84 

19 0 

35,100 

2G 


j good. 

HolthwliistU 

Dolerito ' 

2.9C 

2 85 


34,900 

21 1 

0 09 

[ Good. 

Tonfonaw 

Keratophyre 

2 90 

3 47 

17.0 


12 


) 

Fife 

Doleiite 

2 93 

12.89 

18.1 

20.000 

IG 

0G7 

Poor. 
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This table fuitliev serves to show how mislevding pliysieal tests may ho, 
since the Fife Dolerito is show n to he of high quality w itli lespect to ini])act and 
abrasion ‘tests and jet under'tiallic it Imis been pioved to lie unsatisfactory 
roadstone In the case of tins stone, the test which is of significance is the Doval 
attiition lest, winch gives, a tiiiei indic.ition of quality than do the other physi- 
cal tests. Ill any case, the lesults. of a iiuinhei of physical tests of the same 
stone sliould always ijc consideictl as a whole ” 

Companng the above icfciied to investigations made in the use of stone in 
watei-hound macadam "wearing coats", in America and Fngland with those 
compiled m Mr Kiishnan’s Pajici it will beappieciated tliat weaie yet far behind 


result ot caretui oo'-ervaiion ot the actual behaviour of the stones under tranif.,' 


f 
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of the English and American authorities for similar stones, but he has not men* 
tioncd that his observations are Iwsctl on the actual e.Npeiicncc of load engineers 
in this counliy. 

(b). Phj'.icat p) 0 ]ia(tcsre>inved tn icicemmjb fora ualcr-boujul inacadavi 
i to face. 

Scieenings act as a fillci ami hinder foi watcr-ljoimd iiiaeadam. In their 
lattei caiiacity they sliould “puddle” leadih binder the action of a load roller 
and water. “Lime Stone Sci’eenmgs have proved the most eflicient as a binder 
although tmp and some other igneous iocks c^in bo bound with their oini dust 
hj rej>eated puddling. Screening consisting mainly of quality liave not been 
used succeS''full\ in A\atei-l>ound con->tniction except bj the additions of some 
lime stone screenings Tlie use of a iXMcciitage of clay or loam as a binder is 
not admissible exeejit wlicre ihc cost of lime stone screenings x\ould be 
prohibitive. 

Labomtoij metliods foi testing the cementing jiower of rock jiowdeis arc 
available, but the results obtained are erratic and undependable. 

In natcr-bound loads, it is ofleu necessar>‘ to mix some lime stone screen- 
ings, fine sand loam, or exeo a small jieicentage of claj loam with trap, granite, 
sand-stone, quartzite, oi gneiss sci-eenmgs to get a good bond and prevent ravell- 
ing in dry weathei 

(e) Pbi/wcal piopcities required in stone for '‘Soling'' to nater^bound 
Macadam. 

As the soling simpU spreads the wheel load transmitted tlirongh the 
wearing coat and is not duectlj subjected to the traffic action almost any stone 
that breaks into cubical inegulai sliai»es and is hard enough to stand the action 
of the roller dunng constiuction, uill prove satisfactorj. 

Slate or stone nhich has weathered from long e.tposuie to the atmosphere 
is not suitable for "soling ’ The different varieties may be tested in the same - 
manner as for “Wearing Coat ’ stone for purjKiscs of selection. 

(?) Birf7JII.VOt7S SURFACE TREATME^fTS. 

(a) Surface (reated inth Tar. Pitch, Asphalt or Bitumen. 

The essential difference from the ordinarj- water-bound surface is in the 
‘paint coat’, «h«ch lorms a thin protective covering which resists near, prevents 
dust and water proofs the surface 

In order that this coat’ is effective it should stick well to the 

water-bound surface below- This \mI 1 be possible only if the metal of the water 
bound course and the ‘Bajri’ or chippings used as grit for the 'paint coat’ have 
requisite ’aflinit)’ for the binder. 

The “aggregates” to be suitable for this cl.ass of surface should, in addition 
to satisfying'tlio “phjsical tests” etc, referred to iindei water-bound naacadam, 
aUo possess the property termed in the industry as the ‘Bituinen-catTying 
c-vpacitj’ of aggregates. 

It is ‘v'en-knoivn that mineral aggregates used in bituminous road con- 
struction vary conBidemhly in their power of absorbing bitumens and Hoidel 
has tested the “"cttiug power” of various hinders in contact with various 



15i 


aggregates by sbaking the coalc3 aggrcgalo with water. He classiGes by this 
method different aggregates as ‘hydrophilo’ or "hydrophobe” according to 
whether or not the bitumen 19 displaced by the water ‘‘The following tablo 
shows how in general the acidic or basic nature of stones affects its power of 
adhesion to the binder. It must, however, bo remembered that the indication 
is only general, and that any given stono may give much better or worse 
adhesion than its petrological class would indicate 

IIyd}ophiltc stones Ilidtophobtc stones. 

1. Sjenite 1 Basalt 

2. Granite 2 Greenstone ( « c , decomposed 

dolcrite). 

3. Quaitzilo 3 Hjperito 

4. Prophjrj. 4 Limestone” 

While this classiGcatiou is of interest, "it can hardly bo expected to give 
the whole clue to tho pioblem, since it takes no account of surface texture of 
the stone ” (2). Investigations on this line should bo conducted on the stone 
and chippings or bain available in this counto . The life of a "paint coat” 
depends mainly, on the rate of ciushiug of the chips or bajri. The stuff 
used should, tberefoie, possess considerable lesistance to ciushig and tho 
‘chippings’ should be of stone, satisfying the corresponding physical test 
already described. The iippioved range of size is fiom 1/8 to 1/4 inch (to 
pass 3/8 inch mesh). As far as it is known to the author the Alipore Test 
House has not yet made arrangements for routine test on "Bairi”. 

(6) Btlnmen, Asphalt, Tat ot Pilch GiouUd Macadam. 

The stone used for this specification must be hard, tough and clean. 
The coarse aggregate to 2.^ inches size must be uni form and must not 
contain over Id per cent of stone smaller than li inches size 

"Under heavy traQjc where tiap or the harder granites are available, a 
minimum French Co-eOicieot of hadrness of 6 Is desirable (5 per cent or 
less of wear) Very good results can be obtained with a minimum hardness 
co-efficient of 7 (6 per cent or less of wear)” (l), and this is tho usual mini- 
mum limit where limestones aUd tho harder sandstones are employed. "Under 
light traffic and where hard rock is very expensive, a co-efficient as low as 
5 has been used, but under such conditons it is desirable to increase tho 
size of the coarse aggregate to 2| to 3| inches and to use a harder rock for 
the screening incorporated into the seal coat." (1). Rocks suitable for this 
work are generally available all over India though particular localities may be 
deficient in tbom. 

(3) CEMENT CONCRETE OR MACADAM SURFACES. 

Tho essential qualities of the coarse oggrogate aro that it should bo clean, 
hard and well graded. 

Where trap rock and tho harder granites ato available, the minimum hard- 
ness requirement for crushed stone is generally placed at French Co-efficient of 8 
(6 per cent loss of weight). Where the Limestones, hard sandstones and 


with moderate success, hut auN thing below 7 is risky for this typo ot 
pavement " (1). 



APPENDIX 1. 


The {oUowiiig is a brief summary of Mr. Ivri&Iman’s conclusion in Jiis 
• tide referred to in paia 1 of this paiiei • 

(l) A general idea as to the capacity of roadstoncs to resist wear and 
tear can he gained from the figuros of percentage loss of neight in 
the atti'itJon tests. The following classification has been adopted 
by tho National Phjsical Laboratory of England' — 


( 2 ) 

(3) 

(4) 

(5) 
( 0 ) 

( 7 ) 


Very good 
Good 

Fairlj good 
Eather poor 
Poor 


Percentage loss of weight. 
Diy Test. P’et Test. 

Up to 3.0 Up to 2.0 

2 1 to 2.5 2.0 to 3.2 

2.6 to 3.1 3.3 to 4 0 

3 2 to 4.0 4.1 to 5.0 

Over 4 0 Oi'er 6 0 


The best stones for road-nukiug purposes arc tho medium to fine 
grained, compact, Uisic lock with more or less equiangular te.^tuie. 
Theso include doleiite, hasalt, and certain cpidontes. 

The coaisev grained rocks, acid types and compact gneisses come 
nest. 

Granulites and hoiufelscs uUo occufiy a liigb place amidst road- 
stones 


Tho markedly piopliyritic rocks aio liable to bo crushed under load. 
Tlie soft rocks like the limestones, shales, latciites and the weather- 
ed t\pes of sandstones are not suitable for any but light tiaffic. 
Vein quartz and quartzite (e.\cept perhaps some highly ferruginous 
types) are generally to be avoided. 
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APPENDIX 2 


Geological Classificaiion and Kesdlt of Tests according to 
Bulletin 31, U. S. Office of Puulic Boads. 


Rock varielies 

Per MDt 

TougknetL 

H.irJneii, 

Cementing 

Specific 
gravity. ’ 

Granite 

3.5 

15 

18 1 

20 

2 65 

Biotite-granite 

4A 

10 

1G8 

17 

2.G4 

Hornblende-granite 

2.6 

21 

183 

30 

2 76 

Augite-syenite 

26 

10 

184 

24 

2.80 

Diorite 

29 

21 

18 1 

41 

2 90 

Augita-Diorito 

28 

19 

177 

55 

2 93 

Gabbro 

28 

16 . 

17 9 

29 

3.00 

Peridotite 

40 

12 

15 2 

28 

340 

Rhyolite 

3.7 

20 

178 

48 

2 60 

Andesite 

4 7 

11 

13 7 

189 

2.50 

Fresh basalt 

33 

23 

17 1 

111 

2.90 

Altered basalt 

53 

17 

156 

239 

2.75 

Fresh diabase 

20 

30 

18.2 

49 

3 00 

Altered diabase 

25 

24 

17.6 

156 

2,95 

Limestone 

56 

10 

127 

60 

; 2 70 

Dolomite 

57 


14 8 

42 

'2 70 

Sandstone 

6.9 

26 

174 

90 

! 2 55 

Feldspathic sandstone 

33 

17 

15 3 

I 119 

2.70 

Calcareous sandstone 

74 

15 

8.3 

60 

2.66 

Chert 

10.8 

15 

19.4 

27 

2.60 

Granite-gneiss 

36 

12 

17.7 

26 

2 6R 

Hornblende-gneiss 

3.7 

10 

17 1 

30 

3.02 

Biotite-gneiss 

32 

19 

175 

! 41 

2.76 

Mica-schist 

4.4 

10 

17.6 

30 

2 80 

Biotite-schist 

4.0 



16 

2.70 

Chlorite schist 

4.2 



1 24 

2.90 

Hornblende-schist 

37 

21 

1 16 5 

63 

S.OO 

Amphibolite 

29 

10 

19 0 

1 29 

3 00 

Slate 

4.7 

12 

11.5 

102 

2.60 

Quartzite 

29 

19 

1 18 4 

! 17 

2 70 

Feldspathic quartzite 

32 

17 

16 3 

21 

2 70 

Pyroxene quartzite 

2.3 

27 

18 6 

17 

3 00 

Eclogito 

i 2.4 

31 

17 4 

21 

3 30 

Epodosite 

3.6 

16 

160 

47 

3 03 




CALCAItHOOS S.l.TOSmVS 



1^0 


CO'**<COC50'»tf<Oi--5CTCO(MM*'^'Ht2 

t-«i>OOCOtOCOI>OC3t't~tOt-0 


».'5©iOO«i5«iJCOt'© 

wiHi-jcoocqoo'^'AOCJ'flCi® 

^cicot-tHOciotot^cdocoot^ 

•-< -^ji o i-t « <M 1-; t- 
oooocjoocdt- 

•«j< ® « Cl SO uo <n © Cl 
oc-dd®OOTcda 

17.2 

17.1 

17.1 

16.1 

17.8 

17.0 

17.3 

17.9 

17.1 

16 G 

17.0 

17.5 

17.3 

17 1 

16.9 

odc-icddco^^ 

C0©r-<S0«5l.'3O'^® 

v? o ■«# Cl -- ei *H « « © t«; « « « 

Obicow«-<oa— 'cst^ajooje^cocD 

*.‘5t.©iHC>ClO© 

t»eoodddot» 

©®«i-iwt»0— 16- 
t^®®©cot^eO'-<od 

t'CO — Omt-Mb-COCIOt-O©© 

oodododdddddddd 

® — o © o « o © 

tedodddddd 

& 

ka©®®®6-'H®0® 

go-j'ciciifteieieoci 

gddooooooo 

©CT«WO«<-<t>.CJ©10««'50.H 

E5 © O ® o rt u5 

^tvOOOOOOO 

i 

5®©©ot-®®©© 

i-» d : .H ; ; iH ; ; cl : oi 


6- w Cl : « -H n ; ® 

«eoc4coci--ioot«ot~c»o^t>- 
ci •“! «5«o ec 

1* © 13 eo ® « o o 
Cl w 

«T}<.^CT®00--t- 
1-H rt 




I TA.MKSTO^Hi (Cmilmiinl) 
.IrlTci^on ... m 11 I IG!) 0.2B 

f/iuii ... 20 20 1 III!) n:i2 

... in 1 1 1GB 0.211 

Moiimo ... 1 .1 JGH 0 27 












1G3 


APPENDIX 4. 

BlBLIOOEArHY. 

As mentioned in fcho test o! the paper the only significant works can'ie 
out, so far, in this countrs*, in the study of road aggi’egates is that done, sine 
1924, at Government Test House at AHpore, supjdemented by the i)etrologici 
indentiCcations made by the successive cmatoi-s of Geological Jluseum an 
Laboratory at Calcutta. 

There is thus very littlo publishetl indigenous literature, ou this subjec 
available in this country and in writing this paper the author had to get coi 
sidemblc help from the following standanl works, on the subject, for wliich 1 
takes this oppoitunity of acknowledging his grateful thanks Those who woui 
like to make a detailed study of the subject can refer to these works wit 
profit : — 

1. Modern Eoad Constnictions by Francis Wood. 

2. Beiufoicod Concielo J Singlaton-Grecn. 

3. Principles of Highway „ Wiley. 

Engineering. 

4 Eoad Aggmgates Knight. 

5. The Testing of Bitu* „ „ 

tutnous Miitui'c 

C. Highwar Eugineere’ Hand* Uaiger U Bonney. 
book 
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DISCUSSIONS ON PAPUR No. 37. 

Mr. R. li. Sondhl (Aolhor) : — 1 lia\c great plctxsuro in placinf* this Parev 
before the Roads Congress ; and in doing so I expect to enlist support for my 
conclusions equally from tlic adrocalcs of different road surface specitications; as 
whatever the mode of construction of ti metalled road, water, tar, hituiucu or 
concrete bound, the careful selection of the constituent aggregate is a cardinal 
necessity. It will perhaps bo conceded l»y all the road cxpcils gatbcicd hero 
that there is'“nn economic use for every Kind of stone. 

Mr, L B. Gilbert (United Provinces) — Mr. Chaiiman and Gontloinon,-~ 
The merit of Mr. Sondhi'a very iiitcicsting Paper, if I may say so, is in liis 
showing that a number of pioircrtics must l )0 tahen into account ubt‘n 
assessing the value of a road stone , tlio bVcncli co-enicient b> itself is not 
sufficient indication. Ills references to tlio Barton indov of iiuality and tho 
American sistcm of ueighlcd values aio \cr> iii'.tuiLtiro, and it is iinfoilnnato 
he did not go a step further and cbis^ify a sencH of loiul stone b> both nietbods. 
Had this been done for tho sctics in Api>cndix tJ or that in Appoiulix 3, tho 
comparison would liavo been of considctablo intcicst, and I am inolincd to tbo 
view that a large ineasm-o of agreement would have l>ccn found Ijotwccn the two 
classi&catioQs. Mr. Sondhi, possibly, was not able to inalco tlio roiiipmi*{’» 
because he was not able to obtain, in tho lime at bis disposal, crnsliing viilurs 
for either ol the series referred to. 

I have worked out the Barton index of qnabt> and tlio weighted valiio of 
Booowe granite and Fife Dolcrito fiom tho figuros on page 162 of tlio paper, and 
have obtained the following results 

Bonowe granite — index of quality 2 63 
weighted valuo 118 
Fife Dolerito — index of quality 2.1 

weighted valuo C3.3 

These two are, unfoitunately, Ibo only specimens for which RufTiciont data 
has been given, but the results tally with the classlficatinn In tlio last column 
of the table on page 152. Bonowo granito is undoubtedly "voiy good" and Fife 
Dolerite ‘ pool" according to lioth English and American standards. 

But there is one point on which I am not v'ory clear, and that is tlio 
meaning of the term "abrasion figure" in the Baitnn foimula. Tlie co efficient 
of hardness (h) is obtained from the formula: — 

h=20-f 

I hav’e assumed that tlie Barton "ahrasion figure" is repiesented in that foimula 
by w, and it is on that assumption that I have worked out the indices of quality 
of Bonowo granito and Fife dolerite. I shaii bo very mucli oiAiged if Mr. 
Sondhi will let mo know^vhether I have licen correct in doing so. 

I cannot understand tho statement made hy Mr. Sondhi in the paragraph 
on page 152 immediately preceding the table. As far as I can make out. tlio 
Barton formula gives salislactorj’ results which would, I lielieve, be supported by 
weighted values worked out by the .American metliod. 

Tho two formulaj referred to so far are designed for stone required for use 
in water-bound macadam. Similar formulir are needed for stone to bo painted 
with tar or bitumen, and still others for atone to bo used in grout, premix or 
cement concrete. Hero an important practical consideration arises In water- 
bound macadam tbo ver>' best stono availahlo at reasonable cost should bo used, 



but in the more expensive forms of construction it is quite possible that an 
inferior, or at any rate, a stone possessing different characteristics, might be 
suitable. This might mean the use of a cheap local stone in preference to the 
importation of a more expensive one. The gap between the cost of good water- 
bound macadam and a more expensive form of construction might therefore be 
sufliciently reduced to permit of the more expensive form of construction being 
adopted. 

It may appear, p)ima facie, that, with the establishment of a Test Track 
at Alipore, the evolution of formuljo for the classification of load stones is of 
only academic, iutei'est, hut I do not believe tfiat view will stand Serious 
scrutiny. Both methods are required. For the woik on the Test Track to be 
really helpful aud of immediate and universal application, it is necessary for all 
relevant chaiacteristics of road stone in the different provinces to be asceitained 
by laboratory methods and tabulated. Each stone would then receive an index 
number for each of the different types of work in which it might be used ; e.g., 
water-bound macadam, painted macadam, premix and cement conciete; tlio 
index number being obtained from the (oimuliv relating to that type of woik 
Tests on the track at Alipore might then, I would suggest, be cariied out with 
a different range of what might be accepted ns standard stones. The report on 
the lest of a new method of construction or a new material would then state the 
limits within which the index figure of the stone should lie for satisfactory 
results. 

Mr. W. L. Murrell (Bihar). — JFr Chairman and Gentlemen. — At first sight 
it would appear didicuU to find an) flaw in such an excellent paper as that 
contributed by Jfr Soodhi, but the subject is one on ^^hich I am veiy been and 
perhaps something 1 have to saj may bo helpful. 

One Cl iticism is that we are much more concerned i\ith tlie wear of the 
road than with the wear of its aggiegato The tw-o subjects are not necessarily 
identical, for tlie very best road aggregate in the world might corrugate under 
modern motor traflic unless ceitain consideiations of the shapes and relatne 
sixes of tiio pieces aio given effect to 

In the Journal "Indian Engineeiing” inibhshed on tlio 7th October, 1933, I 
attempted to show liow tlie corrugation of a load, under certain periodical wheel 
thrusts induced diicctlj by the bouncing of motor vehicles, was a very similar 
jihenomenon to the formation ond augmentation of naves at sea under the 
action of wind. 

Tins article assumed that, in a road corrugation, the crest of the cor- 
rugation was above the original level of the newly consolidated road, and that 
tlie trough was below sucli level. 

In other words, the macadam had moved without actual disintegration, 
or it had "Flowed”. 

Let me now suddenly switch over to the "Ilandbook on the Code of 
Practice for Reinforced Concrete” rccominended by tlio Building Rescaich Boaid, 
England, and recently acknowledged by the Indi.an Itailway Board when pub- 
lishing their 193G Standard Code. 

Tlio following are quotations from pages 12 and 14 of the Uand-book : — 

(i) "In the production of good concrete the aim should bo to obtain a 
• sunicient degree of workability The degree of workability 



is Ifirpolv covcrnccl l>y (lie slinre of llio npf^regato 

particle* " 

(»j) "Sliapo of particles — Two similarly graded nggrcgalcs, one 

conei'ting of rounded and llio otlicr of angular or cruslicd 

parlicloe, will cxliihit iuarl.rdly difTcrent degrees of uorl. ability 

The rounded aggregate . ...will pitxlucc a more v.orkahlo concrete 
than one composed of nngul.\r ptccco '* 

(ill) "Proportion? ll c.an l>e taken as a rough guide that from 

45 to 75 per cent of the total aggregate (fine and coarse) fliould 
pass through a sieve of aperture sire c<inal to onc*half of the 
tnuvimum size of the coarse aggregate. 

I new put it to all present that ordinary water-hound macadam with its 
mixture of large and Eiiinll aggregates IB not unlike a concrete. The similarity 
is increased if moorum, sand etc . haae heen used as a hinder or a Minder The 
similarity is further increased if the aggregates he damp or wet as in the 
monsoon, or in a badly drained road 

This view accepted, it is seen at once that the road engineer must avoid 
both rounded aggregate and graded aggregate, no matter how excellent the 
metal in all other respects. 

Hr. Sondhi might, perhaps, have stressed a little more the iiucstion of 
shape. 

Another criticism one might submit is that, among the tests to be applied 
to road aggregates, this paper docs not mention size gradation To mo it seems 
an important omission. And I must express complete inability to agree with 
Mr. Sondhi when he sajs that "Scrccmngs act as a filler and binder for water- 
bound macadam.” 

I would like to suggest, on the contrary, that the only binding force that 
should be relied on in water-bound macadam is the mechanical interlocking of 
pieces which are much iiie same in size There should bo no pieces of defi- 
nitely smaller size, i e , “screenings”, to act as fulcrums or roller bearings by 
which one piece of aggregate can move relatively to another. 

I would like to suggest further that, if any filler or binder is to bo used, 
it should be a stabilised clay loam, sticky but non-shrinking. Even this filler 
should bo avoided unless it is rolled in from the top as a blinder, and unless 
the surface is to bo sealed 

It may be mentioned, as regards these screenings incorporated with the 
' larger road aggregate, that they were once the cause of partial failure of ono 
season’s consolidation in a Sub-diiision of the Chota Nagpur Circle Quartz 
metal had been used for many years, care being taken to collect only quartz 
free from crystal cleavage. The life of sucli consolidation was 4 to G years 

But in the instance referred to, failure by rapid corrugation took place 

within a year or two The cause of this »-.*•* i ii,. , 

brittle quartz which became rounded u 
liberation of a largo amount of small stuff 

It would appear that the importance of having ungraded aggregate for 
water-bound macadam is not suff'cicntly realized I have even seen specifi- 
cations for metal which insisted on the aggregate being graded. Doubtless this 



grave mistake was duo to the Engineer having, in some mysterious manner, 
mixed up the requirements for concrete woik and for collection for water-bound 
macadam. 

It was thciefore not a moment too soon for tho Technical Sub-Committee 
of tho Indian Eoads Congiess to suggest standard specifications for road aggre- 
gates, vide page 176 of the Proceedings of tho Second Meeting of the Indian Eoads 
Congress. 

As regards the prevention of gradation of road aggregate, I should perhaps 
explain how we in Cbota Nagpur practise what we preach. 

Metal collection is of 2 inch size, and stacks that contain small stuff 
passing a li inches mesh screen are rejected. 

As all maintenance consolidation is done after picking up the old metal to 
an average depth of 3 inches, there is obviously tho danger that small stuff may 
come in from the picked-up material. 

Therefore, all picked-up material is iminediatolv passed over a inches 
mesh screen and only that which tho screen refuses, is allowed to bespread back 
in the road bed 

It may bo of interest to refer to further great economy attained by sub- 
sequent treatment of this stuff passing the inches screen. 

Before I'ain can get at it, this inches stuff is passed over a inch, and 
then a i inch square rnesh screen. 

The inches — J inch stuff is stacked for breaking to chips for seal coat 

work, thus reducing the cost of chips by about 60 per cent. 

Tho ^ inch-—^ inch stuff is used partly to blind tho metal surface after dry 
rolling is complete, and partly as chips for seal coat work 

NOTE —Not move of tins 8/4 inch— 1/4 inch stiiiT should be used during wet rolling 
than IS required to make the surface smooth-lookiug. If excess is used it 
will work into the metal and upset the inechnnicnl interlocking 

The } inch — 0 stuff is used spatiiigly for spreading on the metal during tho 
final stages of wet tolling or “polishing”. 

Where sealing is not to bo done, it is obvious that tho inches — ? inch 
and balance of tho 3 inch — } inch salvaged material is available for the im- 
provement of tho flanks or berms in tho manner suggested by Mr. Tiovor Jones 
in his Paper No 32 contributed to this Road Congress 

Pcihaps I should mention that we have often tried consolidation with tho 
now metal spread over a lajcr of moorani on the old road bed. But we have 
not yet succeeded in bringing this mooram blinder up to the surface during wet 
rolling, though the mooram was spre.id to the depth of nearly ono inch in some 
cases Moro mooram had to bo added from tho top, as a blinder, to complete 
tho work. 

Tho diversity of opinion among engineers as to how road Aggregates should 
bo consolidated is so great ns to nmuso our layman friends ; and it is hoped that 
tho Calcutta Test Track will, in duo course, bo able to help us in tliis respect. 

Assuming again the role of critic. I would mention tliat Mr. Sondhi’s 
Paper reminds mo of n masterly treatment of this subject by A. L Conlson, 
D.Sc. (Melb ), D.I.G., P.G.S , F.N.I., read at Dbalibad last November before 
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the Wining and Gcolppictvl Institxilc o( Intlift. after ^fr. Soiullii bad tubmiUcd 
hi« iiajicr. 

Tlio lillo of Dr. Coulson'a jnper is “Tcsling llic Wear of Hoad Metals and 
Aggregates," and doubtless Ibcro will in timo bo a coi'y in our Congress 
Librarj'. 

My i>olnt is that tbe calling for tenders for Uie collection of load metal, 
the accciitancc of such tenders, and the siii>crvision of the netnal collection under 
the contract, are all the duty of Suh-l)i\isntml and Di\isional On'iccrs. 

AUo it is my cxjicrience in the Clu*ta Nagjnir Circle that the great 
majority of Ibis executive establishment Know only tbreo KimK of ro.ul metal: — 

Quartz — The tnincml fiom dyKc foiinalions 

Bone — .V whitish quartzite. 

Trap — Any metal other th.ui tl>e uIkixc two ’ 

This includes a grc.it laricU of igneous .iml mctamoiphosed rocks, 
hut there is acluallx no basaltic metal used in the Ciiclc, 

Tlio “co-efUcient of banlncss for hornblende schist”, "the Trcncli cO'Oflicient 
for quartzite” and aueb Ingbly teebmeal csprcssions. can mean ahsolulcly 
nothing to this most impoUftiil cxccntuc establishment ns they cannot, in the 
first place, identify the rock concerned 

It thei-cfore seems that the necessai-yfiiststopisto furnish eacli Divisional 
. and District Engineer with a small geological collection of his local locks which 
haye been “vetted" and named by real geologists. 

Then indeed will the lamps of Mi. Sondhi and Dr Coulson have something 
practical to shine upon ! ® 

As hr hack as 1915, as a fledgling graduate, I was responsible to the 
Countiy Roads Board of Victoria. Austi-aha, for reports on niicioscopical sections 
and hand specimens of metal pioposed to he used in big Government contiacts 

Specimens toi'tho formation of divisional geological collections are now 
accumuUting at Ciicle Headquaiteis at Ranchi, and the Director of the 
Geological Svuvey' of India has promised assistance m the identification etc of 
the specimens. 

ilay it therefore please he understood that these criticisms and remarks 
are not the outcome of lack of sympathy and understanding. They are the 
result of a desire to bridge the abysmal gap between the academic tlieorj- of 
road aggiegates and the common engineeiing practice of road making and 
maintenance 

Mr. A. Nageswara Ayyar (Madras): — I congratulate the author of this 
paper Mr. Sondhi for the immense pains he h>-~ ‘ ** ' 

regarding tests on road materials and for the 

I am sure the information he has furnished ■ .. 

way Engineers in India. 

Regvrding the Test House at Alipore. I recently visited it and the officer-in- 
charge was kind enough to take me round and explain the various tests that are 
being made on road materials Dnfortupatvly, I could not get a tabulated Iis 
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kaotar, roooTum or latcrito instead of a liarcf folin;; with l)onl(1or3. 

Rcccnlly I Ind notcfl cctUin (act*; wliicfi puc furflicr information on tlio 
subject In a vortion of a lic-a\> Irafljc mail in Jlatnacliaiiclrai'^iram in I'ast 
Godavari a three inch la\rr of Innltraj* niclal wa<5 hid in Kovemher 

1930 to a depth of :j inched and \\idlln»f 13 foil oa<r an old l,tlriilc road in which 

Iho depth ol metal wa-* ahuul 5 imhc ThO' road cainca a tratlic of 

o\cr 700 huUoclv-caita and 10 hmes i«r» «U\ corri'-pondinp to a Irnflic on the 
to^d of 1200 ton'i or three hundred tons per \aid oidtli per day This road 
has heon slandinp well with a hllJe p*tchwf.ik In a similar stretch liclwccn 
Dowlaishwcrani and Kndiam o\er one iiiilo was himihiU ticated in the same 
year and tins too has hecn slan.hnp quite aaell «o f«r The Irail'ic on this road 
is oven heavier than what ot»lains in ttic prcaions cr'^c On the otlior hand tho 
same metal used on a granite inclallt-d r'»id «i<h.*s not stand for inoro than 3 
years although tho luiUic m tho KUci ca'-e is otiU ihonl half that obtaining on 
tho two roads I'rcvionsfy rcfcircd to TIiO'C <il*-.ciaations iinticato tiiat good 
results can ho obtained onh h\ i.j..\nhn« a u-ilunt k-clmp liko piaiel or kankar 
or lalcnto and laying a haul iuoIaI coit not cscicding 1 inches m thickness 


Metbods of consliuction h.vio tlicrofoie as niocli to do in tlio economical 
construction and mamtenanco of roids as qiubty of in.itcn.ils If experiments 
on test tracks bo made with matcn.ils l.iid in dilfeicnt ways now in voguo 
these will give laluablo information I do feel tliat although numerous 
BSperiments have been made on roads cnnstiuctcd with diffeicnt forms of 
bituminous materials practically no tests or nnpiovcments liavo been made in tho 
construction of macadam roads and those still continue to bo built as per specifi- 
cations laid over a hundred years ago by the f.xinous inventor Mneaflam. Eor in* 
stance admixture of a little Itme-stone screenings referred to in page 153 Section (b) 
of tho author's paper have been found by mo to give a considerably mcroasod 
life to a macadam road and pievents the dismlegration of stones m the hob 
weather. As it is admitted th.it foi a long time to como macadam roads will 
continue as rural roads in this countiy it is highly necessary that improvomonts 
have to be effected m the methods of construction and mamtonanco of these. 
Information as to the maximum weights and speeds which these roads can 
safely stand would have to be found out and the loads and speeds limited to 
what they can stand for the benefit alike of motoi traffic and bullock-cart traffic. 
In the Kadraa ■Piesidency at any rate paiallel roads on a largo scale tor the 
motor traffic will not I think be financially possible for a long time to como as 
the cry for 

be spent fc ovgp 25000 miles of 

metalled ro 

Mr E E G Gilmore— I am not eoing to Bay anything in detail about 
the lesults I find the paper specially interesting as it voices a dofinito ro- 
quiroment that the Test Souse at Alqiore should supply more information in 
connection with tests of road motals. That point has also been impressed upon 
me after examining tho behaviour of the Jhansi stone in its various methods of 
use in the various places we have visited on these tours. As a result of this I 
shall 'take early stops to introduce the impact and cementation tests. It has 
occurred to me, however, that informatioa generally covering these details is 
provided by the remarks made by the Geological Survey incorporated in otii 
reports, and in that connection 1 think it would bo ol interest i! Col Haig could 
tcU us what lemarks were made by the Geological Survey and included in tlig 
report on tins stone, which, I understand we Iia\e tested 
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sh,ovritig tho materials tested so far and the results obtained under the various 
tests ^vith regard to those materials. I am told that such a consolidated list 
is not being maintained. Unless full accounts of the tests made on road ma- 
terials aie published fiom time to time and made available to road engineers, the 
pubhc vrill not derive the full benefit of the test house I vrould therefore 
suggest that steps be taken to keep samples of all materials tested along with a 
card showing the quarry from which tho materials ware obtained and the test 
results in the headquartois museum of the province w’herefrom the mateiials 
were quarried. Any amount of description cannot give us a clear idea of 
the stones as can be got by actual inspection of the sample. The museum is the 
best place for preserving these samples, as any engineer mterestod can have 
ready access to it The results of tests so far made may also be collected and 
published for the information of the engineers 

Soling is a very important item on which I think this Congress should 
have a full discussion A. common specification for building macadam roads 
requires the provision of a hard and uayicldiug subgrada by packing stones six 
to nine inches thick and lajinga coat of road metal over it. Sly peisonal 
experience is that wherever this type of soling was used, the metal coat was 
in a short time ground to powder and blown away leaving the soling exposed. 
This aspect was discussed m April 1036 rn the Madras Local Board and 
Municipal Engineers' Association. The experience of almost every engineer 
present was that a boulder foundation was positively harmful to a road There 
is a road with heavy tra(Bc both In motor veliicles and bullock-carts loading 
from the Virudhuuagav Kailway Station to Aruppukottai in South Madras. 
This road inns in a black cotton embankment two to three feet high. Some 
stretches of this load had a soling of boulders and it was found that the metal in 
these stretclies w’ould wear out much quicker than m other places although the 
metal was of the same hard variety of gianite throughout. On close obser- 
vation the suspicion dawned on us that the rapid wealing of metal coat in some 
stretches was due to the solmg Foi some time we feared that tho removal 
of the houlcleis ivouUl be vegiulcd as a retrogr.vdo step and against accepted 
specific.Uions and tiied othei palliatives such as interposing a thin coat of gravel 
between the solmg and met.il co-rt .As tliese proved meffcotive we removed 
the boulder soling and laid a mooium base and spread tho metal coat over it. 
Wo had good lesults only after this was done. 

Wo had constructed sovcial miles of road in very bad soils like black 
cotton and wo used to first Lxy a coat C to 9 inciies thick of gravel, kivnkar, 
or mooium wliicliever is aiailnblc close by and after consolidation spread a 
layer of hard load metal to a thickness of about 4. inches. This procedure invari- 
ably gave us satisfactory lesiilts In some cases sand was tried but proved 
a fadurc Tlio kankar or gr.iiel coat over a black cotton soil acts as follows : — 

1. It presents an impervious mat preventing water from soaking through 
and uetting tho bUck cotton. 

2. It distributes the pressure as well as an ordinary soling does. 

3. It presents a resilient subgrado 

•1. It provides a good bed for the metal coat tlicroby preventing lateral 
movements and attrition of tho stones forming the metal coat. 

The adoption of this method of constructing roads has very considerably 
re inccd initial co^ts and subsequent inaintcnanco was pconomical. I think tlio 
Bpccificalions m.ay bo modified proiiding for a resilient c.arpct with gravel, 
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kantar, moonim or latcrito in*tca«? c! a liard poling ^vilh 

Recently 1 ln»l noted certain fact* wlncli f;5\c fnillicr infornnlion on Uio 
«;ul)jcct. In a I'orUon of a hcixy IrafT.c tokI in I’.TinacIniulrni ntain in Ill'll 
Godavari Hi'^lrict, a three inch fa\cr «*f fiaTiI fr »|« nctal l\iil m N*n\cinl'cr 
1930 to a clci'Ui of y inclic* and nidth nf 19 t o\< i an c>M hilfitl'' road in aaliich 
the doialli of /nfenfe metal wa-* ahont ri iiuhr 'J’lii'i loid ra!ric=< a IrafliC of 
over 700 hullock-carts and 10 lm‘-cs i<ri «1 in C'>rn ‘■ponding to a Irafl'ic on the 
road of 1200 long or IhrcQ hundred totm i*«’r \aril wsdlti i-er ilny. Ihig road 
has been standin^J aaell with a little pttchv.oih In a •■iinihr f-ticlch between 
llowlai'.hweram and Kadiam over one inilo wa*» viiinUrK licatf'd in the fame 
year and ttiis too has hern mdinc quite well fo f tr. Tiie IraOic on lliis toad 
is even heavier than wliat obtains in the previous ca‘-e On the oilier hand the 
same metal n«cd on a Rranito inctallul r*iad «iocs not stand for more than 3 
years although the tialhc m tho latter ct-o only .«honl halt that oht.aininjt on 
the two roads previously rctcircd to These ohncraatinns indicate that good 
results can ho ohtaincd only h\ pr«.\idin>t a iC'ilunt foling Itl.c giaael or hankar 
or lateritc and laying a hard inctAl coil not cacceding I inches in lliickncss. 

Methods of construction h.wo thcicforo as much to do in tho economical 
construction and maintenanco of roads as quality of matcriaU If cxiioriments 
on test tracks bo mado with niateiials laid in dilTeicnt ways now in voguo 
these will givo valuable information I do feel that although numerous 
experiments base been made on roads constructed with difTcicnt forms of 
bituminous roateiials practically no tests or impi oi ements have been mado m tho 
construction of macadam toads and ibesc s tdl continue to be biult as per speciQ- 
cations laid over a hundred years ago by the fimoiisr inientoi Macadam, For in* 
stance admixture of a little linie-stone screenings tefened to m pago 153 Section (b) 
of tbe author’s paper have been found by me to give a considerably incieased 
life to a macadam road and pievents the disintegration of stones m the hot 
weather. As it is admitted th.it toi a long time to come macadam roads will 
continue as rural roads in this country it is highly necessary that improvements 
have to be effected in the methods of constiuction and inamtenanco of these 
Information as to tho maximum weights and speeds which these roads can 
safely stand would have to be found out and the loads and speeds limited to 
what they can stand for the benefit alike of motoi tiaUic ,ind buHock-cart traffic. 
In tbe Madras Presidency at any rate paiallel roads on a large scale for tbe 
motor traffic will not I think be financially possible for a long time to come as 
the cry for more roads and bridges ii, incessant and all available funds have to 

bo spent for providing them although oven now' we have over 25000 miles of 
metalled roads nearly equal to half the total milage of India. 

Mr. E F. G. Gilmore —I am not going to say anything in detail about 
tho results I find the paper specially interesting as it voices a definite re- 
quirement that the Test House at Ahpore should supply more information in 
connection with tests of road metals That point has also been impressed upon 
me after oxamining the behaviour of the Jhansi stone m its various methods of 
use in tho various places wo have \usited on these tours. As a result of this, I 
shairtake early steps to introduce the impact and cementation tests. It has 
occurred to me, however, that information generally covering these details is 
provided by tbe remarks made by tho Geological Suivey incorporated in our 
reports, and in that connection I think it would bo of interest if Col. Haig could 
tell us what lemarks were made by the Geological Suriey and included in the 
report on this stone, which, I understand we haae tested 
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it. Col. W. de H. Haig (United Provinces); — I am afraid I require nofcicf 

Mr. E. F. G. Gilmore ; — ^Well, theso details are, I think, covered by tbei 
esatnination. Their remarks are, however, in the form of an expression c 
opinion, and I think it will bo better if these characteristics are covered b; 
actual test figures. 

The author of the paper wants road tests on bajri or chips. That has no 
hitherto been possible with the available equipment at the Test House. Mr 
Meares, however, drew nay attention some time ago to a miniature track fo: 
such tests which has been developed in the United States, where they hav( 
become expert on tests and specifications of road materials and construction 
This miniature track was reported on in the proceedings of the American Societj 
for Testing Materials 1934, and we have discussed them and propose to pul 
down such a miniature track in the new laboratories which I visualize will 
develop in the near future at the Test House. Meanwhile, the discussions 
which wo had the other day in the Technical Sub-Committee m connection 
with the preliminary series of tests to be carried out on the main track cover 
that material. 

I want to take this opportunity of pointing out that the putting into 
practice of the various proposals in this paper and those that have been made 
by members elsewhere as regards additional testing and research are going to 
cost money and are going to require staff. We at the Test House are a very 
small body. We have a staff of six gazetted officers together with a staff of 45 
technical assistants, under %vhom are mistries, khalasies and so on, and wo do 
work coveiing o wide range If work lo connection with the testing of materials 
for road construction is to be undertaken seriously, it will mean a considerable 
addition to that establishment It lequircs consideration as to who is going to 
provide that. 

Mr. K. G. Mitchell (Government of India). — In connexion with what Mr. 
Murrell has said that there was no way of relating the tests and petrological or 
geological description of stones to the actual stone used in practice, if some of 
50 U will send me during the course of the next few months two or three repre- 
sentative samples of the stone jou use with its local name we will arrange at 

the time of the next Road C'——-'" — -i • giving the 

local name— the geological x information 

of that kind. If you think ^ l,a,ve that 

done. In most cases we shall, I expect, be able to trace the tests already carried 
out but in one or two cases we may have to have fresh tests made. 

A point on which Mr. Nageswara Aj^ar wishes the opinion of the Congress 
is whether specifications which require rigid boulder soling can safely be departed 
from He cannot expect the Congress to give a definite and sweeping opinion out 
ol hand but 1 imagine that everybody will agree that when you aro using a 
brittle stono in the surface resilient soling is bettor than rigid 

Hr. G. M. HcKelvic (Central rroviucej).— Mr, Chairman and Genllemen — 

I bad not jntended lo speak on this paper but the observations of Mr. Murrell 
and Mr. Nageswara Ayyar came as a sur|»rise to mo and I thought I should say 
a few words about our osperionco in Ibo Central Provinces In the Central 
Provinces wo do exactly tho opposite lo what both Mr Ayyar and Mr. Murrell 
generally recommend and our toad, aro verj- good. Wo have no corrugations 
ns appxronlly oxi«l on Bihar roadj nnd no nits or pot boles ns in Sladrns. Wo 
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've induce all sizes in our road melil except a>hal wo call clioora je, fines 
from 3'8 inch and downwards. Mr. Murrell raid that he Icopt sires from 
2| inches to 2 inches and excluded the rest. This catno ns a suriiriso to me. 

1 Ihinh, as Mr. Mitchell has just said, it is all a question of tho hrittlcncss 
oflho stone aaailahlo for road metal. In the Central rro%inccs about 95 
per cent of tho roads aro metalled with basalt h.allast and the old specifi- 
cations which were so thoroujjhly condemned hy Mr. A>y.ar arc certainly suit- 
able for our conditions I think every proainco inusl have its own sj^ccific-ations. 
W’o arc proud of our water-hound m.acadnm roads in tho Central Proainccs and 
Berar and our existing specifications aro pcncrally salisfactorj'. ‘ 

Colonel W. de H HaigCUnited Provinces). — There arc only two minor points 
that I waut to mention, in regard to Mr. SondhTit Paper. Ho refers to tho 
Bitumen carrying capacity of stone I understand that the Bitumen Companies 
in Europe and .■America do have a test for that and 1 think it would Iw extremely 
Useful if AHporo could inslal a machine for that purpose. I, pcrsOiMlly feel aery 
great doubt whether stono, which appears to ho the l>csl under tho ordinary tests 
for water-bound metal, is necessarily tho heat when it is to be used in conjunc- 
tion with either tar or Bitumen Granite, whicii was mentioned just now, 
is what we ha\e bccu using for n good many years m tho central part 
of this Province and in and around Lucknow but I ba\o \cry grave doubts 
whether it is really suitable for use with eithor Bitumen or tar. It is a fact 
that in the Agva and Meeiut ate.a where wo haio used sovoral dilToiaut stones, 
including Delhi quartz, surface painting has. goiierally bpo.vkmg, lasted much 
better than it has in the Cawnporo and Lucknow areas You may say, "What 
about the traffic ?" On the average tho tonnago of traffic m the Lucknow and 
Cawnpoie divisions Is greater than near Agra and Meerut but, at tho same time 
there are miles here which take no greater traffic than those in the west and 
which do not last as well. I rather feel that the capacity to cairy Bitumen or 
tar may be one of tho reasons why brick ballast has been successful - I have 
never bad brick ballast tested by the ordinary Ahpore test but I propose to send 
a sample for that purpose and some of this brick ballast, burned at the roadside 
on the Lucknow-Cawnpore Road is hero to-day for you to see I would not be 
surprised to find that although buck ballast proved inferior to granite uuder tho 
ordinary test for road metal that it showed a greater affinity for Bitumen 
and Tar. 

Another point mentioned in Mr Sondhi's Paper was the question of chips 
and their liability to be crushed We have on two or three occasions carried out 
rather a "Heath Robinson” test to ascertain the relative crushabiJity We took 
chips of several kinds —four or five— screened them so as to keep only those passing 
a 3/8 inch stove but retained on a 1/4 inch siovo in othei words chips all of one 
size. We then took a measured quantity of these and spread them on a concrete 
floor and passed the roller over them a definite number of times. The remains 
** were then swept up and sieved. Tho percentage which was found to pass the 
1/4 inch sieve was regarded as having been crushed and it was found that there 
was a aery great variation between tho behaviour of different stones . I think 
tho percentage crushed varied from about 18 to something like 45 I do not 
claim that the test is accurate hut in the absence of anything better the result is 
perhaps useful. 

Mr. G D N. Mcaies: — I did not intend to speak about bitumen carrying 
capacity hut in view of Col IJaJg’fc remarks it might interest you to know how 
wo uctually tot thi>. Tile term "bitumen carrying capacity” is really a 
misnomer as it tefera to tbc pro|*crty i>oculur to certain aggregates of carrying 
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moro bitumen than others duo to variations in surface texture. A better 
dednition of the phenomenon mentioned by Mr. Sondhi is “Asphalt*water 
allmity”. 

Certain aggregates will unguestionablj' bold bitumen in the presence of 
water and othci's will not. Tho test dovoloped by Nicholson gives an indication 
of this “Asphalt-water atlinity” and is one which can easily bo carried out by 
anybody, the only apparatus required being an ordinary wide mouthed jar. 

The aggiegate is first pulveiized to tho grading of a coarse sand, and great 
care must bo exercised in doing so to see that the tools, etc , used aie clean and 
free from rust as lion Oxide will affect the result Mix the pulverized 
material witli a httlo bitumen liquefied with kerosene oil — usually 1 gallon 
keiosono to 2 gallons bitumen will give the desiiod consistency. Use as little 
liquefied bitumen as possible to get every particle coated. 

riacQ about 50 grams of tho mix in a jar, add some 100 cubic centimetres 
distilled water, and sliako for 15 seconds In some cases you will find most of 
the bitumen has stripped off the stone. This result seems to bo brought about 
by two separate and distinct actions,— either by mechanical stripping duo to the 
aggregate preferring a water coating to a bitumen coating or by actual omulsifi* 
cation of tlio bitumen by some chemical constituent in tlie aggiegate. If stiip* 
jiing does not occiu immediately, shaking should bo continued with frequent 
pauses for inspection for 30 mmulos. An aggiegate is considered satisfactory if 
there is no stripping during this period. 

I believe this property of certain aggiegatos to be of tho utmost importance 
in asphalt road construction, and can quote several instances of failures which 
are probably directly attiibutablo to pool asphalt-water aUinity The condition 
is easily corrected but work in this direction is still experimental and it is too 
early to speak yet. I think m tho course of the Technical Sub-Committee’s 
deliberations wo sliould bring this matter up with a view to standardising a test 
such as the one described, but suggest that in the meanwhile any of you who 
are mtorostod should try it out yourselves m Older to collect as much data as 
possible. 

Mr. K L. Sondhi (Aathar) —I am very grateful to the gontlemen who have 
very kindly offered criticisms I niU now try my best to reply to tho points 
r.iised by them Mr Murrell says in earlier part ot his criticisms that the 
subject with which iny paper deals is one on which he is very keen and ho feels 
that if over ho had anytliiiig useful to submit to any Road Congress it is now. 
no informs us that as fur back ns 1914 as a fledgling graduate, he was 
responsible to tho County Road Board of Victoria, Australia, for reports on 
microscopical sections and liandwntlco specimens of metal proposed to be used 
in big Government contracts .All present will, therefore, agree on tho point 
that if any one was proper peison to road a paper on this subject it was Mr. - 
Murrell It may bo perhaps that Mr. Murrell duo to his thoughts working 
back to his fledgling stage deprived us from getting advantage of his ripe 
experience He has been rightly selected, now, as a member of tho Committee 
to obtain papers. Mr. Murrell says that wo are much moro concerned with tho 
wc.ar of tho road than that of its aggregates. This reminds mo of tho very well- 
known injlhic.al story about the individual morabers of tho buroan body revolt- 
ing against the body forgetting that they themselves constituted the body. 

- Tho wear of a road surface will depend on that of tho constituent parts and as 
expUined in tho piper aggregate is tho important constituent and this paper is 
meant to coacentrato oar attention on that particular member of tho surface body. 
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As logards the phenomenon of corrugation rofoiTcd to by Mr. Murrell I do 
not think its consideration arises out of this papet, the object of ^^hich is stated 
in its opening paragraph. 

My feeling is that coriugatious ^YOul<l not occur in the ^vater•boulld suiface 
with the oidinaty motor traihe vm\oss tho consolidation \%as defective to start 
with. This would be the case if the blinding loateiial, » e., screenings are introduced 
too early in the operation of consolidation. Another cause may be that the rolling 
IS nob done properly and crests and depressions caused by defective rolling are 
already there in the finished water-bound suiface before traffic is allowed on it A 
common mistake that occurs is that the loHer is loft, due to careless supervision, 
last thing in the evening, on wet consolidated portion. The surface not having 
dried may yield to the weight of the roller and a hollow’ is formed, similar 
phenomenon may he caused by local yielding strata in the subgrade with the 
result that pounding action is encouraged by the ry thinic action of motor lorry 
ti-aflic. I am afraid I have not had much oppoitunity to study or deal with the 
problem of corx’Ugatiag in water-bound surfaces, which phenomenon appears to be 
a formidable problem that toad engineers ur Bihar, Orissa and Bombay Piovinces 
have to face In this connexion I c.anou!y suggest tliat we in the Punjab do our 
consolidation work perhaps so well that this tioublo does not occur Our speci- 
fications were, in a way, roughly orrtimed by Mi Bashiiam during the discussion 
on Jlr. Dean’s Paper, when he referred to the contraiy practice he noticed m 
Delhi roads. By reference to the exceUeiit paper on the subject of coiiiigations 
presented at our Inaugural Indian Hoads Congress. 1934. by Mr Cousens it will 
be seen that his conclusions after careful study of tlie srufaco so affected were 
that corrugations were not univeisal but only occurred in certain miles lie said 
that no definite cure had yet beendiscoveied, but ho suggested that possibly the 
uso of Bind as blindage, either by itself or rrrrxed in other blindage, is tho cause of 
cotTUgation. If sand is eliminated thctc is no cuirugation Worst coiiugations 
occur when blindage is entirely sand and so on. These investigations relate to 
latcrito metal roads. It will api>cav from the suggestions by that expert that 
corrugations arc due to adoption of wiong specifications and are not the fault 
of aggregate as suggested by Mr. MuiicH The remedy , therelorc, is as indi- 
cated in my paper in inventing suitable specifications for each class of work and 
standardising aggregates to suit each class of surface. 

It will bo further seen from my papci that I liavc aUeinptcd to iccommend 
what (lualitics arc desuablc in aggregates employ ctl for the different classes of 
surfaces and it is assumed that each sixicificalion will be laid clown only in a 
standardised method w’hich may have to be dcteiinined or alteiod by extensive 
experimental work on the Test track oi undci actual load-traOIc. Thus my 
recommendations about tho (jualitics of stone suitable foi vraler-bound macadam 
apply to a road which will not 'flow' in the manner indicated by Mi Muirell 
Mr. Muriell firet tluows out a suggestion that water-bound macadam with its 
uiixluro of laigo and small aggicgatcs is like concrete and says that I might have 
stressed a little more on the question ol shajic and gradation. 

This requirement is indicated for water-bound surface at p-igo I4U 
under rracture Test and for Bituminoua and Cement Concrete surfaces 
at pages 153 and 154. I have laid what I consider to bo reasonablo stress 
on those important requirements in my concluding remarks at pages 153 and 15G 
but I would agree with my critic that more stress could be laid with advantage 
on some of these requirements Mr Murrell aUo takes exception to my re- 
marks that “screenings act as a hllcr and binder for water-bound macadam” 

I agree with him that mechanical interlocking la the sheet anchor of water- 
bound macadam and that screening should be introduced at a late stage of 
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gat carried out at the Roads Laboratory, the theory of tho ‘resilient' soling 
versus tho "unyielding” one will Iw thoroughly gone into. The proposed 
examination of representative samples of stone from various localities is also 
sure to lead to useful conclusions. 

Test lor chips described by Col Haig is an interesting one and may with 
some modiCcatioas bo adopted at the Alipur Test House for determining 
comparative qualities of stone chips of dilloront localities, to determine their 
snitability for various specifications. 

Mr. Meares has described to you tho usual Asphalt-water affinity test. 
I hope similar tests, will also be included by Mr. Gllmoie in his standard tests 
for aggregates. 

Finally I hope tho co-ordinated efforts of road engineers all over India and 
tho Road Laboratori’ at tho Test House directed on road aggregates will lead to 
economies which may allow a longer milage of roads being constructed even with 
our existing resources. 

Chairman: — I thank Mr. Sondlii for his paper which has led to a most 
interesting discussion. Before I leave the Chair I would hlco to propose a vote 
of thanks to Bai Bahadur Chhuttan Lai who has vacated tho Chair after holding 
it for the whole year with credit to himself. 

Col. G. E Sopwith • — May I also say one word I think I shall have tho 
feeling of tho wholo meeting w ith me when I propose a vote of thanks to Mr. 
Mitchell who has worked more than anyliody else for this Congress and ho has 
to do this in addition to his other work I tbmk wo all are deeply indebted 
to him. 

Ur. E. 0. Uitchell :~I thank you very much, but as a matter of fact I 
did very littlo and my friend Mr. Jagdish Prasad did tho whole thing 


CUAIRMAN : Mr W. R Radico 

Chairman: — I call upon Bai Bahadur S N Bbadurt to present his Paper. 


Tho following Paper was thon taken as read : — 


Paper Ho. 38. 


SUBMERSIBLE BRIDGE ACROSS PARBATI RIVER AT 
MILE 231 AGRA-BOMBAY ROAD. 

By 

Rai Bahadur S. N. Bhaduri, D.A , C.E , il.I.E , Chief Engineer 
Public Worhs Department, Gtealtoi Government. 


Tho Parbati River crosses the Agra-Bombay Road at mile 231 from Agra 
This river has a catchment area of 2.141 sq mile? at the site and has licen 
observed during floods to rise over 48 feet abo^o its lowest bed le\el. Beforo tho 
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dQ.v.'n to RQ aveiage depth of 5 feet belovr the lowest bed level. After this depth 
good hard rod; wns met with on which all the piers except No 1 were founded. 

In the case of pier No. 1 weathered rock was found on the surface As 
this was removed disintegrated rock was met with Borings disclosed this 
formation to a depth of 20 feet. It was, thorefoi’e, decided to found this pier on 
disintegrated lock, (locally called Bhisa), at a depth of 12.6 feet. A solid block 
of cement concrete 12.5 feet deep and of proportion 1 : 3 : G was laid to carr>’ 
the pier masonry. 

9. Besides filling tho foundation of piers with concrete, side filling of 
foundation pits upto rock level was done in cement concrete to obviate anv 
possibility of future scour hy tho river Three concrete mixing machines were 
at woik and it is to tho credit of the Contmetors that they completed tho 
foundation work and brought up tho masoniy of tho pieis (which consisted of 
coursed rubble in cement mortar propoitton 1 4) to a height well above tho 
October level of the river, before the rains set in Tins enabled tho Contractors 
to start worl: on the piers immediately aftei i.ains 

10 During tho lamy season no woik on tho piers was possible but 
materialsof construction weie collected It was not till the end of October 1934 
that work could be lesumed 

11 At this stage a proposal for raising tho formation level of the biidgo 
hv six feet was approved hv tho Consulting Bogineer to tho Government of India 
(Roads), Rs it was seen that hy doing so. tho load level would bo above tho 
highest recorded flood level. It was also found that tbe amount required for 
this raising could bo met out of the piospeciivo saaing of tho total grant for tho 
bridge. 

12. Before deciding about the raising of the bridge it was ascertained 
that the increase in hoight of the piers would not in any way effect their 
stability and that no tension would be produced at any transverse section 
of the piers Above the mean bed level of tho river the piers including 
the abutment pier are made of 15" thick casing of coursed rubble masonry 
in cement mortar (1 5 4) with cement concrete hearting ( proportion 1 : 3 : C). 
The faces of piers are chisel dressed to present a smooth surface to flood 
waters. 

13. Through the entire height of the piers, old rails of 42 lbs. weight per 
yard are placed vertically to servo as reinforcement. These are spaced 5^ feet 
apart in two rows 2 feet on either side of centre line By means of cross rods 
these rails are anchored into rock to prevent slipping out 

14 For the abutments, hearting of solid masonry in cement mortar 
proportion 1 : 4 is used for half the height, above this to the springing level of 
arch cement concrete hearting (proportion 1 3 : 6 ) is used. It was observed 
that this proportioning gave satisfactorj’ result for hearting 

15. Tho arches have been designed on the generally accepted elastic 
theory and are calculated to withstand a maximuin loading of 12 British 
Standard Units including allowance for impact Provision for the following 
effects has also been made'. — 

(1) Arch shortening. 

(2) Temperature stresses (range of temperature being taken ± 30® F ) 

(3) Buoyancy. 
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21. During tlio ^vl^olo time that the concreting of the arch ^vas in 
progress, continuous supervision by a capablo stnfT thorouglily acquainted v,ith 
reinforced concrete work was maintained both by tiio department and by tlio 
Contractors, special care being given to punning and ramming. Everyday 
a compression test cylinder {6‘' diameter XC" high) was cast from concrete 
actually going into the arch After maiming, every third cjlinder out of 
them ^\as sent to tlie Government Test House. Alipur. Test results are given 
in Table No. 2 from which it will be seen that the a\erngo crushing strength 
of concieto varied fiom 4,100 lbs. jMjr squnio inch to 3,102 lbs. per square 
inch against a minimum strength of 1800 lbs per squaio inch icquired by 
s^iccifications attaclicd to the Contractors ngiccuiciit. 

22 Tlio usual procedure during construction of niches was to do the 
skew backs first and then stait aich work First day’s work was done on one 
side of the arch adjoining ono of the slew backs On the second day work 
Was commenced on the other side, fiom the next skew back On the tliiid 
d.-iy concreting was done in continuation of lust day's woik. On the fourth 
day second day's work was continued On the fifth day, the third day’s 
woik was c.anied foiward. On the sixth day tlio strip done ou the fourth day 
was continued On the seventh day concicting was done at tlie crown on 
both sides of the centre line of the aich in oidci to prevent any tendency for 
the centering at the crown to bulgo up On the eiglitb and the ninth days the 
gaps remaining on each side of the crown stiip were filled up and the arch 
completed. 

The advantago of this arraDgement was that it allowed nearly SG hours 
to elapse before concrete was Uvd adjoining any stiip previously done, allowing 
ample time for internal shrinkage to tako place without causing additional 
stresses while setting. 

The spandril walls are made of coursed rubble stone masonry in cement 
mortar 1 ; 4. From the springing level to a height of nearly 14 feet thickness 
of these walls is 4 feet, after which the section gindually reduces in steps 
and at the top where coping is laid it is li feet Inside the spandril walls, 
filling of haunches is done with lime conciotc in which plums to the extent 
of 8 per cent were used, {vide plate No 2) 

23. An allowance of l" was made in the centering at the crown for 
deflection likely to be caused by the load of concieto A further allow- 
ance of 1" was made foi plastic deformation, which in the case of 
concrete arches may take place after thev ba^e been subjected to loading As a 
matter of fact, it was observed that on the lemoval of centerings, the actual 
sinkage at the crow’n of arches vareid from J" to 

No plastic deflection has so far been noticed even after testing the bridge 
with a moving load of six steam road rollers of 12 tons weight each. 

24. Transverse expansion joints have been provided in the spandril walls 
over each pier and at abutments, the allowance kept is 2' fvirfe plate No. 3). 
It was considered desirable to cover these expansion joints both on up-stream 
and down-stream faces of the spandnl walls by an arrangement of an clliow 
shaped ashlar wall which would also prevent water in high floods from rus]iin(> 
freely through the opening of the joints ns indicated in the jilato referrcil to 
above It gives an appearance of a rectangular ashlar pillaret rising from tlio 
toji of cut water and screening the joint. As a suitable Cnisb to this pill.irct, a 
jvcdcstal in cream coloured cement resting partly uj'on the pillaret and partly on 
the coping, built in a manner to preserve the expansion joint beneath, lias i,ecn 
erected over each pillaret 
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95. A tand cTisbion o{ 12“ is piovided over the ciovrw o! aiches. Sis 
iuches thick lime concrete increased upto Sj" at il.e centre of the load is laid on 
this sand cushion, allotting a camber ol 1 in 50 to the load '^m-face. The foi- 
raation level of the bridge is level throughout. On top of the lime coneiete a 
layer of clean ^and about 2'' thick is s|)i*ead befoie laying cement concrete for 
the roadway. This has been done to allow a free sliding surface for the concrete 
roadway. The cement concrete for the road was hid in two lasers— one of •!" 
thickness and the other of 2 inches. 

2G. To iirevent cracks due to variation in temperature, leinforeement in 
the foim of hexagonal hoops 22 inches across and made of 14“ x 1 h fiats nas 
laid on the -1“ la>er of cement concrete and then the sniface finished by placin',* 
the top laAer of 2“ The load sniface was subsfvjuenth treated wirli tliree coals 
of silicate of soda 

27 Tlie coping I'.of leiufoiccd cement concrete feet wide 1a !)' higli 
with a groove 1^' v I V'. made eciitiallt to take the collapsible railing (ude j.laio 
Xo 2 showing cioss section of spandiil v\aU> and loadwaN). It willl e noticed 
that after even two lengths ol ladings a letnfovcod cement concrete wheelgnard 
of the same height as the railing <i-.. 3 feet has been placed The object of 
building these IS to ludic.ate the roadwat in case of its being submeiged during 
extraoi-dinarily liigh floods 

23. Bailings of a collapsible type uie provided (itde plate No. 4). By 
taking out special pins by means of a Ive\. ibe railings fall into the groove pro* 
vrded in the coping and aro therefore out of the wa> during floods After the 
r‘ains tbev can he re-eiected without any difficulty or delax. 

29 The bridge ioadwa\ was tested with a i-ollmg load consisting of six 
steam road rollers of 12 tons weight each in the following wa\ • — 

(1) Three loUei’s weie taken ovei the bridge fiom North to Skiuth with 
10 feet space between 

(21 Again tliese were takeu fioin '^ut)i to Nonh with a spacing of 
5 feet. 

(.1) Tlien SIX rollers ucie taken CAci at mteivals of 5 feet. 

(4) Six rollers arranged two abreast with 5 feet spacing between each 
pair were then taken over the bridge 

(o) Three rollers from each side of an arch meeting at the crown of 
the arch. 

(G) Finally six rollers were taken over the bridge at their maximum 
speed with a spacing of 5 feet. 

(Te«t resnlt^ are given in Tal»1e III). 

30. To record the deflection produced on c.acb arch the apparatus 
described below was improvieed with the help of Mr P. D Tnmbat, Retired 
Asricaltnre Knginecr, Gwalior Govemment • — 

A piano wire with a fieo weight at the lower end was bung from the 
crown, the quyter point and the third point of each arch The weight 
consisted of a piece of channel iron freely moving in another channel iron guide 
of a slightly larger sire, {vide photo No. 4) To the weight a pencil arm was 
fixed in such a way that the pencil could mark the deflection on a drum eanx-ing 
a p’cee of section paper. The drum was put in motion by a string controlled by 
a float placed in a cylinder full of water. This cylinder had three holes at the 



182 


bottom v.liicli ^reie plugged bv pieces of cmk. These IjoIcs v,eio calibrated in 
such a way as to give the (hum one complete lotation in 1/?, ], and ? minutes. 
As soon as the steam lolleis aiiived near the end of an nich, tho plug suitable 
for the paiticulai test uas iemo\ed and the dium began to lotato Tho dc- 
llection due to tlic moving load on the bridge was matbed bj tlie pencil on tho 
drum. Alaximuin bulging lecoided was 1/16" at quaitei point of the nicb, uitli 
six lollers going two abreast at a distance of 5 feet between each pair and at a 
speed of 2t miles per hour. 

31 Roughly 1,33,000 cubic feet of cement concrete was done on this 
work including arch woik. 82 5 tons of mild steel for reinfoicoment wero used 
m the arches and nineteen tons of old lails wero placed m piers Eighteen tons 
of mild steel wcie used in collapsible ladings 1278.5 tons of Sun Biand cement 
were consumed on this woil: .\bstiact estimate gning quantities of diffeient 
items is shown in Table I Total cost of biidgo is Rs 3,75,000'-. 


32 Tlio usual inctliod of lating the cost of a budge per foot lun of 
length fiom abutment to abntmeid, oi c\cn pei sqmio foot of waterway or 
loadwav dr'cs not give a snio basis of compaiison of cost ns between budges of 
diffeient t\pes and si/es Piohabh the fane«t conipaiison of cost of bridges 
may be made b\ dnidmg tho cost of tho budge bj the cubical contents of the 
openings Rv this method the late pei cubic foot of opening of the Paibati 
budge woiks out to 

3 ^ 7^,000 

7X3915x21 

Tho late per foot run of budge (length 
988 feet) 

The rate per sq. ft of opening (area 
7X3915) 

The rate per P(j ft of loadway (cleai 
width 18 feet) 


“ Rs O.Gj 

= Rs 379 55 
= Rs. 13 G8 
- Rs 21 OS 


33 The bridge was commenced on the loth Mai*ch 1934, and completed 
on the Gth AInrch, 193G It was tested with moiing loads mentioned in paia- 
graph 29 ante on the 8th and 9tli Apid 193G. the lesults of which aie given in 
Table III and are lery satisfactory 

The budge was opened to tiaffic on tho Ist June, 193G. 
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TABLE I. 

Paihati hiklge at mile 231 of Agra-liombay Road. 
Abstract of works done and expenditme inciiired. 


B. No 

1 1 e lu B 

Unit 

Qaantity 

Rate 

1 Amount 

1 

llXCBTStlOQ of wcl soil 

%o eft 

31818.14 

27/. 

670/1/5 

8 

CicftTBtion of bald rock 


SS4C0. 40 

110/. 

C130/I0/3 

3 

Side hUint; of trcncliea 


b7lb3.CI 

12/- 

1049/12/10 


Cement coDcrete 1 3 C in fonndation aii«l 

inline 

%cfl 

43u38 74 

E4/. 


= i 

U 11, Scone luaionrr in cement 1 * 


fesrj 02 

4C/- 

4l8l/»/8 

C 

Stone uiBSonry in cement luoitar 1 4 above sill 
level 


C79t9.". 

48/. 

32C10/15/3 

7 

SupplTing & fltlDt: 43 lbs old rails ID masonry 

rft 

3ul3 S 

-/I2/- 

22C0/2,'- 


Concnl concrete 1 3 4 in caps of ent rrater 1 

%c(t 

779 93 

8-./ 

ect/3/8 

a 

Holed cement pointing 1 3 mortar 

®oSft. 

SOtJb.TB 

6/8/. 

1920/10,8 

10 

Clilscl dressing to face stone inaaonry 


41337 97 

12,8/ 

5163/1 .'./n 

u 

1 2 i SRC. concrete for sketr back 

eft 

7074 91 

2,4/. 

159IS/9/9 

18 

1 3 4 R. C concrete for Arch work 


413';3 9'’< 

2,8/. 

'1<j3JS9/C. 

13 

riniQ liuie concrete in haanclies 

%cft. 

C999I.U8 

20/. 

13994/ J/9 

11 

Sand and bnin lllltog fur road cusUiod 


7219 

?/■ 

SU3/4/1 

IS 

1 s 4 cement conciete for road surface 


9828 S9 

100/. 

8828/8/9 

IS 

' R C C coping 

! 

190I.G7 

' 8,8/. 

4731/1/11 

17 

Filing bolding down bolts (or collapsible ratiiog 

■ Hr>. 

C3S 

1/4/. 

795/. 

18 

Kscavaiionof dry aoil 

%o eft 

204IC9 73 

IS/- 

21S0/-/C 

19 

Lima concrete in (onndation of wings nub 40 per 
cent mortar 

%ctt. 

elI9 83 

83,’. 

I3U/3/9 

1 

btone mssonr) lu lime mortar above sill level 


84li7.3» 

37/. 

31134/9/0 

31 

Collspaible rallinga 

rft 



7824/. 

ss 

Approach road 

Ii 8 



9624/- 

8J 

Land compensation 




174/18 6 

31 

ritclitns for aide banks of liver and protective 

earib irorlc 




4033/IlU 

31 

ntcavatioD of soft rock 

®i*cft 

1703 

70/. 

8«,8 9 

« 

Cement concrete 1 3 e in Iiearlioc of piers 

%e(t. 

SU\r.92 

68/. 

14162/3/6 

3; 

Cement concrete 1 4 8 la Iicarting ol abutments 

%cft 

&0t3.9l 

33/. 

4481/2/8 

•i 

CeiiieiitcoDcrete 1 3) Sforbackingof akew back 


1790,48 

72/- 

1239/2/- 

Ti 

Cement conerclo 13 4 wliU 3 4" alone chips to 
nil grooves of cjpansion lolots 


eos «3 

91/- 

7S7/S/3 

3u 

Bione insionry In ccmcni mortar 1 S In beaning 
of abntuieuts 


BlOt.Sl 

41/- 

3146/4/7 

31 

I.liiie concrete below roadway of cemont conerete 
with 33 p c inorlar 


9003 Cl 

20/ 

I'OO/Il/r 

33 

Ashlar none masonry for prolecllng expansion 
Joints 

eft 

I3ll 73 

1/8/. 

JSOSXi 

31 

1 3- 4 R C C eorbelllng under aslilar idllars at 
riiHViiilon jolDta of abntnirnl 

35 

8 '8/. 

87/9/. 


Itaklsc croovra In inasvDry and fliiiie copper abeeU 

In etrao'loo Joints 

rft 

433 CS 

•/3/. 

8I3,’13/. 

31 

Filing copper ibeats m borUonUl eiranslon 
Joints ^ 


1 

-/W- 

10/11/. 
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TABLE I — (Continued). 


8 Ko 

I ( c ni a 

Unit 

Oiiantllv 

Sato 

Amount 

Sfi 

Copper Eliecta t/lS* tliklc tor cxphotlon Jointa . 

cwT 

30 


I8i'>/H/G 

37 

nxlra itnd fllilog for euelilon 

%eft 

1307.1.11} 

3/8/. 

437/10/. 

38 

8and ftlling bciircen wIdsi 


174IS 32 

3/8/. 

ClO/ll/. 

39 

t t-4 1{ C. C irbect giitrda 

eft 

SkI 

2’8/- 

600 / 


Tedestil in xcliltc Kilcr proof ecnienl 

No 

27 

aboiit 

^13/14/3 

41 

LtTine Ibc ro&d surf*<o in tn4> Uirta «IUi liooii 
irou rclDforreuicDi for prevonlion of teuii'tim- 


t824 11 

■ni- 

1103/9/1 


ffoop Iron for rand reinfarceiucnt 

cnt 

el 


CC7/10/3 

<3 

UcndinC nod UjinR boop iroo xcloforccuirnt 


CO 

ilU- 

73/. 


Biippljlce Eiliente ol sodn 

cnt 

In 

ti! 

120/. 


lUudcriDB irltb bllleato ol Soda Ibree coats 

%cll 

2,C77 19 

!!■ 

513/8/9 

4G 

Filiina niexphslt and ssnd 10 expansion joints of 
road, extra lengtb 

rft 

I7S9 } 

HI 

878/12/- 

47 

Hxtra for tUeine 

span 

7 

3W/. 

2100/. 

48 

Extra lilt of uasoDrt and lime concrete 

%CH 

30f40U 

»/• 

soil/- 

49 

Extra lilt for arcb and tLe« faacW concrete 


eujco 

I/s/. 

7ss;c/i 

W 

Temporarr ttaS<i«a(t«rt 




10MI7III 

SI 

Testing of Ibe bridge 




9812/. 

« 

Work erubliatimeut 

t' *% 



$269/13/3 

S3 

ContiogcDoea 

«1 8% 



CClfi/. 

S4 

buperTlcloo cbarges 

€> 10% 



93701/10/1 


Deduct tpercent on cement coDcrete items for 
use of local land Initead of feiodb Uirer tand a* 
per agreement nllb Coutractors 




3 80,418/10/10 

8.418/lO/tO 


Totsl 



Its 

3,78,000/./. 





P.ir.D., Chvalior Gorermneni. 





APPENDIX 

Calculations or Parbati Bridge. 

BY 

Dr. M. A. Kornt. 


Tlio Bridge will 1)0 of 101 foot span, — width between faces— 21 feet. 

The elastic avcli is fixed under the assumption that the piers and abut- 
ments will have no settlement. 

Tlio method of calculation is according to the theory of Prof. Marsh. 

The cfiuations of Elastic properties of the arch are only for the Bonding 
Moments, which are osscntialjn this case 

lb has been assumed that the statical undotorminato reaction in A is 
removed and replaced by a stress AV which is a component of the forces 
causing a moment “M" and Ilorizontal forco "H” and vertical force "V”. 
Tliis renders us a statically determinate system with a fixity in B. 
the equation will ho : — 



Mr moans B.M at ativ point x. 

There is Mrs=Mo4*M“IIt/— Vr. 

The point 0 has boon chosen such that . — 

fv^=o 

and J x.v.di _Q 

Assuming — * —dw, the magnitude of II, M and V, can bo found from the 
equations: — 

TT SMeVw. + Ertl.f 

2J^o 


M= ■ 


SMox. 


In our calculation wo have made Iho arch of Equal lengths S. Therefore 
the J sign has been replaced by ^ and thus rfw = ty 
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ISO 


p=i ; 

in. . 

1 

j icy 

1 

1 1 

1 

i 

2 , 
a { 

•9+'/= A- 

P=I 

in. 

1 

H 

1 

2' t 

1 

-0.435 

695 8 

1 666 

-130 1 

325.98 

2 

0.04 

4' ' 

-0.297 1 

! 532 8 

1 500 

i 1 

— 51 35 

325 98 

4 

0151 

6' 

i 

1 -0168 ' 

1 

j 462 6 

1 

1 421 

1 -1139 

1 

325 98 

6 

0 35! 

8' 

: -0.064 

335.2 

1 346 1 

1 1 

1 -186 5 

325 98 

8 

0.57' 

1 

10' 1 

0 049l| 

1 

, 3012 ^ 

262 

-265 0 

325 98 

1 10 

0.81£ 

12- 1 
1 

1 

0.173 1 

2196 ! 

i 1 

1 176 1 

-335 6 

325 98 

12 

1.04 

U’ 1 

0 280 

1332 

83 

— 3B9 35 

325 98 

14 

1.21 

C j 

0 462 

1 

43 8 1 

1 ' 

1 0 

' 1 

-408 8 

325 98 

0 

1 26 

li ' 

i 

1 

1 

1 

000 

325 93 1 

A 

0 00 


\ iiyia—x) 




Hsi 



P=1 

in 

— a) 

1 

,r 


P=1 

111 

^io(a-x) 

a 


li 

1 

0.00 

1 

0 07G 

1 

I 0.00 

.A 

47.573 

626 

O’ 

.07;i 

.07G 

0 9G 

2 

43.093 

5GS 

1’ 

M’l-2 

1 070 

4 20 

4 

3S,361 

i 

1 505 

i;' 

.S22 

1 ovo 

) 

, lO.S 

i 

1 

! 33.070 1 

43G 

b' 

1.012 

1 07G ^ 

1 

^ 213 

8 

1 

27.D13 

369 

10’ 


t .070 ' 

' 37 0 

10 

22.738 

300 

]2' 


07(i 

1 

50 2 

1 12 

17.863 

235 

ii' 

£J.720 

070 , 


14 

13.415 

177 

c 

O.O-iO 

07fi 

127 

C ^ 

9.G46 

127 


I 



A 

1.00 

2 

j 09941 

4 

0 9747 

“ i 

0.937G 

8 j 

0 885 

10 i 

0.809 

12 1 

0 718 

1 

14 

0 614 

C 

0.600 
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CENTRE SECTION. 


•=1 i 

in. 1 

ilOi j 

1 

il 

-H,; 

JIs 

P=1 

in 

1 Mos 

1 

M 


Ms 

B j 

0.0 1 

i 

0.0 

0.0x50 ] 

= 00 1 

00 

.A 

j-626 

626 

-0.0 

0.0 

o' 

00 [ 

06 

04X50 ' 

= - 2.0 1 

-101 

2 

— 566 

^ 566.96 

-2.0 

. -1.0 

4' 1 

0.0 

4.25 

0.153Xo0| 

1 

— 3.65 

4 

-000 

504.25 

1 -7.9 

1 

! -3.6 

, 1 

6 

00 

lOS ; 

1 0 304X50, 
:=-i7v 1 

-69 

6 

-424 

434.S 

1 

1 -17-7 

1 

1 -69 

8' 

0.0. 

21 a 

0.577X501 

I *-280 1 

— 7 6 j 

8 

-346 

367 3 j 

-28.9 j 

-7.6 

1 

10' 

1 o.u 

1 

07.0 

, 0810X50 

1 *-408 1 

-3.3 1 

10 

-262 

299.5 

' -408 

1 -3.3 

12' 

1 

0.0 

00.2 

1 i 04X50 1^.^ T , 

12 

-176 

j 

230.D 

-52 

7.2 

14' 

j 0.0 

8S.b 

^ I 2 1 X 00 
*-60 6 

28 2 

14 

1 

-88 j 

176 8 ! 

-60.6 

28 2 

C 

j 0 0 

127 

1.26X50 
* -63 0 

64 

1 

0,0 

127 j 

-63 

64 


Ms — iIo4 + M — — Va: 

a = 0.0 

y=50'' 
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518 = 5I<>8 + 3 1 — H. y« — 
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DISPKKSrON OF LOADING. 

For Pinndril filled M‘cho'4 which comprise ft curved 'dab it is cU9toniai\ 
to consider a loiij’itudinal stiip of slah one foot wide, 

III this tjpo of Rridije the cnncontiatcd wheel loids will spiead tliroiitjli 
the filling and where the mininmm depth is 4 ~0 from tlio point of coiit.u'i 
to the Intrados of the .\rch Slib, the sUnd.ud tiam of wheel loads may he 
consideied to be unifoimly applietl 

In fi.it arches liaiiiig less tliiii the ahoio stated nmmnum dentli tlic 
proportion of each point load coming upon a longitudinnl .stup of mcli 
P 

amounts to — 

n + 2D 

Tho point loads aro applied to the inllucnce line dmgi.am in ilie usiiui 
manner. 


P 


I 









■■■Hi 






ai+2D 


7 

D 

i 


DISPRKSrON or M'UF.FM L0 4DS. 


srniN’GING SECTION. 
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~ MOa+ 51 — ir.yA “Vxa . 

»a“G26 


DISPnUSION OF LOADING. 


For pvundril filled i\i'che<? wliich conipn*^© r curved ^Ub it i<» cu‘>toiiiRi\ 
to consider a longitudinal strip of slab one foot wide. 

In tliis tjpo of Rridge tbe cnncenti.iteii wiled loids will sjiread tbrnii”li 
thft filling and whore the minimum depth is4''-0 from tlm point of contiu f 
to the Intrados of the Arch SI ib, the stsndaid tram of wheel loads maj- he 
considered to he uniformly applied. 

In flat arches having less thui the alm\e stated muiiinuni denth fito 
pioportion of eacli point load couiuig upon a iongitudinal .strip of 

amounts to — 

a+2D 

Tha point loads aio Applied to the inlluence hue diagram in the usual 
manner. 


P 


I 



m 


i 

1 

FILLING 

» • o'i’.y' 7 'oV" c' ? : ' 

' ° R.C.arch 

e e./. 40 0 - . , . , o.vf o. ' ' 





T 

D 

i 


7;/.spf;/?s/o.v o/ w'fiF.Er. loujs. 






f< 5 o' — »(«- 4 6' 



Rcivptjon it Cio^vn for 12 ton Loail 
=- *--l 13 tom ft 


Renctioii at Ciown fox* 0 4T Load 
4 

= t®t5S ft. 

Kc.vction at Crown foi 4 2T Load 
= ^0 ton"; ft 


Reaction at 10^ clistauco from the 
Crown for 12T Lo.id 

=—=109 tonVft. 

11 

Keaclion at 10^ distance from the 
Croxvn (for 5.4 Ton Load) 

= •^ = 0 432 lonsllt. 


1^ 


I 
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l.a,!. (For 0.4\ S (T o„.l (oT l„.a „t ,e,l!om ^herr 
the aorll. o( fiUioR is „,o™ IW 4'-0 -)=(^j+;H+ j-2)/27=005V0toos/(t>. 

(For .1.1^ 12f ,( l.oT 1 „„, „t sections «l.ero 
tl.c flopll, „t nilins i« more thv, l'-o") = (=^|+]“+^.) ,'27=0 0540 tons'It=. 

Viiifo}Vi}y it/iilerl iojjiJ (J q, 5 4T^ 4 oT ^4 j,4T_ ,^4 sections wlieio 

tl.edci,Uioirillinaismorell,nn-l')=(|V^+f.'’.+ ,“) ^7 = 00358 tons iw 

Pfj. ft loo 155/, ‘ 


?^r,CTIOKS 

npAi) 1 , 0 \D 

nr.su LT.\NT 

Umformlv 

Dn\D LO.\D 


U><4 ft' 

Ihs. 

I 

4U0 

20G74 

— 



II 

:noo 

17030 

in 

2010 

128f.O 

IV 

no(> 

8800 

V 

02s 

G.j00 

VI 

f.?0 

4S00 

YII 

vn 

3G00 

vin 

42S 

3140 




Dead Load Hoiizontal thrust 

20674 X 0.02 = 415 
17030X0.099=1690 
12860X0.256=3300 
8860X0.466=4140 
6500X0698=4540 
4800X0.93 =4460 
3600X1.13 =4060 
3140X1.24 =3900 


.‘.Total Dead load horizontal thrust— 26505X2 
=5.3010 Ihs 

Dead load D.M. is calculated as g»\cn Iwlow. 

Dead load II. if. at Spiinging 

20764 X 22 24 = 461.000 
17030X57 22 = 977,000 
12860X72.0 =927,000 
8860x68 =602,000 
0.500X46 5 =302.000 
4800x11.5 = 55,200 

- 3.324,200 

3600 X 30.5 -110000 

3140X035 =215000 

.3140X95.9 =302000 
.3000x107 0 = 386000 
4800x9985 =479000 
6500x83 1 =.542000 

HSCOxCO.5 =535000 
12860x35 125=453000 
17030X14 14 =242000 
20764X20.91 = GOOOO 


-3.321000 

Total dead load H.M. 

“ -■3321200+3321000 
~ - 200 uliich is tiesligihle 





JlAsninr B. 5L at Stkim-ini*.. 
^L>:? to Lite L'lj* 


^x632=1550 
-X6j -1120 


- X a G3 = 211( 1 
1337 1 


OS57X10-0 37 


0 0333 X 1537.1 — 5.j0 

f»3 57 in tons. 

•*> tuiiimuni ne^at:\c Itte loiti 11 M- 


" tU 57 in ton** 
-113000 m lb«. 


5 82x5 

o 

= 11.53 

0 0387x927 2 = 36 0 

0.82-^22.4.5 - . 

— X oo 

= 77.7 

0515X 81- i:)2 


' =--'’22 

109 X 107- 117 0 

0 271 X 93- 2.5 2 

47.8-73.3^^3 

= 391 

0 432x 31 13 1 

7_3 3+8'j 

= 2SS 

*927^ 

2318 


Maximum Positive Live load B M. —231 8 in lons= +527000 in lbs. 


Horizontal Thrust at Springing. 
(Lfongitudinal Strip of Slab 1^ tvide) 
00358X7.644=0.273 
0 857 X 0.91 =0.78. 


1.053 

Corresponding H. T. due to live load caustug maximum negative B.M. 
.\t Springing = 1.053 tons = 2360 lbs. 

00387X7(311=0293 
0.515 X 1.2(3 =0 65 
0.100 XI 13 =1.23 
0.271 xo.Ol =0.216 
0.432 X 1 13 ~(i ID 


2 911 lobs 
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Corresponding il.T. duo to livo load causing maximum positive B.M. at 
Springing =2 911 tons. 

= 0520 !!)«. 

Di:ai) Load 11. M. (CrNTni: Slction). 

20G74X -0.52=-10a00 
17030X -2.35= -40000 
12800 X -5 28= “68000 
88G0X -7 25= -C1200 
G500X -5.45= -35100 

“218100 
4800X+ 1.95=+ 9360 
3G00X+17.7 =+ 64000 
3110 X +16.1 =+145000 

218.360 

Total Dead load B.M. at centre bOction = 2 ( - 218100 + 2183G0) 

=2X -40 
= “ 80 m lbs. 
which IB DDgligiblo 


Maximum D M (CLNinL Suction) 


Duo to Lise load 
-5.4-7.6 V 


X 3 G8 = - 23 9 


— < .u — u y w /. r — I T n 
X () 5 4 < 0 

-fi.a"- ■■’JW X 0 32 = - 33 .1 

3.0o — 1.0 1 ^ » P _ io *1 


-101x5= - 26 
1198 

= Arca under uniformlv 
distnlmtcd load 


1.33 XC4 =85.0 
132x21 =10.1 
0.33GX24 = 8 0G 
0.318X -0 1= -00348 
0.348X -0.1= -0.0318 
0.0387XU9.8=-4.G5 
0.0387X119.8= -4.G5 

+ 103.4G in tons 
- 9.99G in tons. 


Therefore Maximum Posiltvo li\o load ll M. 

= 103 46 in tonu 
= 103.46X2210 
= 2.31000 in lbs. 

Maxitniiin NcnXtivo live load B. M. 

= —9.996 III tons 

= -9996X2210 » 

= 22100 in lbs. 



IIoUlZOXTAI, TimCST. 


At i\iu Clown : ( LoiiRUiuhna'l hUip o! slab l^wuiu ). 3>uc to Li^e load 
(causing MAxinuim H. M. at tho ciown). 

1.33 X 1.20=1.67 
0.432X1.13=0.485 
0 33GX]. 13=0.38 

2.535 tons 

0318 X0.91 =0310 
0318 XOOl =0310 
0 0387X7.641=0.290 
0.0510X7.614=0.417 
1345 


0_^4X5_ 

004+0 158 
2 

0.158+0.354 


0100 

Xo.0»0541 


X 0.32*1 630 


0577+0.7 


X3G8 = 2850 
7641 


CoifesMonding H.T. due to live 
load causing maximum B. M. 
at tho Crow d 

— 2 535 tons 
= 5670 lbs. 


Corresponding H.T. due to li\o load causing maximum negatuo B AI. 

at tho Crown* 1.340 tons 
= 3020 lbs. 


VAltUTlON OF TEUrERATUBH 
(Vide “Reinforced Concrete Bridges" by \V L Scott.) 

When an arch is subjected to a change in temperature it undergoes an 
alteration in length. K the abutments are iinaio%’able tho span between 
them remains unchanged It therefore results that the arch oxeits a thrust 
or a ‘ pull" upon tho .Abutments accordingly as the length of the arch is incroas* 
od or decreased." 

“.ActuaU>, of course, tho .Arch will never exert a pull on tho Abutments; 
since tho thrust duo to vertical loading will alwav a bo greater force causing 
an opposite thiusl to he exerted upon the arch b) the abutments Tho "Pull" 
mentioned uboso will ctlcct reduction of thrust and the rosultant moment 
induced in the Arch ntcds to be .tddou nlgobricalK to those produced by tho 
6upcr*imi>Dscd loading." 
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Now the chinge in the length of the spin if the Rib wore free to osp‘\nd 
or contract would l>e = «/, 

Whei'o n is the change in length per unit of length and I is tho span of 
the arch. 


As tho span cannot change in length because of tlio Rigidity of tho abut- 
ments Total Horizontal displacement is zero. 


And as there can lie no change m tho 
level of the supports. 

Total Vertical Displacement — O 



£ 

£ 

jby i\ linear variations is — ny+IIgn. 

iLtja Is tho end fi'^mg moment and smeo horizontal forces only nie considered 
i 7 n is tho height of Iho iioint of applicition of hmizontal tluust above tho 
level of both spnngings 


■B 

= And also as there can bo no lotation of the end sections. 

Total angulardisplacement = 0 
» sx 

In a syuimotnc.xl Rib tho B M. m tho Aich Sections produced 


_/'"n 


±ul 


-= 0 . 


IhiiploN ing the .a«suinption with icgird to tho cm\o of the .uch axis i e 
I*- I, See « wheic Ic Is llio moment of Inertia at tho eiowii and « is the 
angle winch tho arch .ixis makes with tho hoiuout.il and R is a constant. 

rii 

Wo have l)> mullipl>ing throughout by R .t. R-.y^ M'/.fx±R Ir n.l. 

-IMp ~ ^ 4 " L - lUr f =0. 

^ * M r f/r -- - 11 r rj -fr 11 <j.* / i. ox - O 
On turthpr Reduction we lia\e 


P\Jr 

/ Mv.-fr±R Icn. /.-U. Ip / , 

•'a • A A 

“ 11 r*. fl-^ U qa 




■ (I) 


/ ''j/r/r.' - Iln'l -O (Jl. 
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Fioin Equations (1) and (2) : — 




±E Ir n=0 

45. R. Ig. n 


or, Iloiizontal thrust = ± - 


4 /’ 


The factor c-^) is small in comparison with 4/* and so it is neglected. 


A ‘Else’ of Temperature produces an incieascd thrust on the Abutments 
and causes a negative bending moment above the level of the Elastic Centre and 
a positive bending moment below this level. 


Conversly, a similar fall in temperature reduces the thrust upon the abut- 
ment and produces bending moments equal m amount but of opposite sign to 
that caused by a rise in temperature. 


Maximum variation from the mean temperature is taken as SO** E. 
n=0 OOOOOG X 30=0.00018 

E=Co-effioient of elasticity of concrote=2000000 lbs/ in*. 


H=±- 


4 /* 


Due to temperature. 


Ic — Moment of Inertia of concrete' 


Moment of Inertia of Steel 

= (m - 1) X 2 X O.CS X { 10 5 - 1 2)* 
“14X2X.CGX93* 

= 1000 in* 


Total Equivalent Moment of Inertia 
=9300 + 1000 
= 10900 m* 

/=264 

• TT_ , 45X0 0001 8X 200000 0 X10900 

* 4x204x261 


B M.atCiown =G35 X (204 - 214) 

= 035x50 = 31800 in lbs. 
B. M. at Springing=635x(0-214) 

= 035x -214 
= - 13G000 m lbs. 
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Taking Jl = lo we have Total niea F = 5280 

386 

5666 sq. in. 

276X14 = 386 sq in 

Total Moment of tlio Inertia of the Section 
21X12X21* 

=197000 plus 14 X 27.6 X 9.3’= 34000 I.C., 231000 in‘ 
Taking Longitudinal Strip of Slab r wide 
Area of Secton = ~^= 263 sq. in. 

Moment of Inertia of tlio Section = — = 11100 in*. 

For postttvc B M. 

Ifaximum positive B ^f. =265800 
Corresponding Thrust N = 58045 lbs 

^ ^ * 58015 . 265800X106 

Maximum Compressive Stress = — I niOO 

!■+ ^=210+251=167 lbs. per sq"-. id 

Maximum Tensile strcss=216-251= -35 lbs. per sq m 
(For negative B.M ) 
maximum negative 13.?kl.=54200 in lbs 
OorrespondiQg Thrust N =56665 lbs 

Minimum Compiessivo Slress=^— 

^ 56065 5 4200x10 5 

208 11100 
=211-51 
= IGO lbs pet sq in 

Maximum Compressive Stress = 211 +51 

= 262 lbs. per sq in 


SPRINGING SECTION 


2t-0 

Area of steel (top) = 13.8 in* 

.\rca of steel (bottom) =13 8 

•27 G in* 
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Aiea of concrete = 21X12X33 
= 82G0 SQ. in. 

Taking m = 15, wo have Total Area F«=82G0 

36G 

8G4fi sq. in. 

Total Moment of Inertia of tho Section ” -j’j X 21 X 12 X 33* 

= 772000 plus 14X27.GX15 3* 
= 02000 ue. 8G4000 in*. 

Taking longitudinal strip of slab l' wide 
Area of Sdction = ^^J— — 4I2sq. in. 

Slomcnt of Inertia of the Scction=^^^^^ ==■11200 In*. 

For Positive BM. ^ 

Maximum Q.M GG3000 in tbs. 

Corrosi^onding Thrust N =60107 x 1.59 lbs. 

Maximum Compregsivo Slics8=^+^ 

^C01G7 X L5_9 . C G3000X1G6 
412 41200 

=233+201 =49G lbs. per sq. in. 
Maximum Tensile Strcss = 232 — 2GI= —32 lbs. per sq in. 

For Negoltve D.M, 

Maximum B M =270000 in lbs. 

Corrospomling Tlirust N = 5 1733 x l 59 lbs. 

Slinimuiii Conipicssivo Strcss= 

_ r,l733 x 1.59 279000 X 10.5 
•112 " 41200 

~2U-11I 
= 100 lbs. per sq in. 

Maximum Coropressito Stress=2n + 111 

= 322 lbs. |>cr sq. In. 

Similar calculolions ucro made for otbor intern. cdialc sections 



Marmim at the Ciown 


T 

21 - 

i_ 


For Positive 13. M. 

A = 12x21 + 14x2x.r,r, 

=252+18.3 
= 270.5 sfj. in. 

1 = 12X12X2 1*+ 18.5 X ‘J,3* 

=9300+1000 
= 10900 in*. 

JI = 205800 

Normal Thrust N = n = 5ftOI5 lbs. 

Ma'^imum Compiessivo Stress 

= 08^ 265800X10,5 
270 5 10900 

=215+256 
=471 lbs. per sq. id 

Ten3ile=216 “ 256= “ 41 lbs per sq. in. 


10 5 
1-2 
9-3 


Maximum Stress at Springing. 


A = 396+14X2X 66 
=396 + 18.5 
= 414.5 aq. io. 

I = ^3jX12X33*+180x153* 
=36000+4320 
= 40320 


Normal Thrust N=60100xi65 
= 99000 lbs. 

A I 

_ 99000 ■ 063000X16 5 
414 5 40320 

= 240+272=012 lbs. 
/ = 240 -272 

= - 32 lbs per sq. m. 



1 2 
15 3 

3 6000 
4 320 
40320 


272 

iip 

32 


Similar calculations were made for other intermediate sections. 



WING WATX'^ 

PIxte Xo T.) 

Sea Sketch I. Vertical Weight : — 

0.75X3 G-25 X10a=272 
0.75 X 24 X 140=^20 2722 
0.75 x5.C2j X100= 422 
0.75 X 22 X 140=2300 2722 
0.75x 7X25 xl00= 572 
0 75 X 20 X 140=2100 2072 

0.75x9X25 X100= 722 
0.75 X 18 X 140= 1690 2012 
0.75X11X25X100= 875 
0.75 X 10 X 140=1080 2555 
075X13X25X100=1020 
0.75 X H X 140=1470 2490 
0.75X15X25X100=1175 
075 X 12 X 140= 1200 2135 

0.75 X 1 7X25 X 100 = 1320 
0.75 X 10 X 140= 1050 2370 

0.75X19.025X100=1470 
0.75 X 8 X 140= 640 2310 

0 75X21 .025 X 1 00 = 1620 
0.75 X G X 140-= G30 2250 
0 75 X 23.025 x 100= 1770 
0 75 X 4 X 140= 420 2190 

0.75X25.025X100=1920 
075 X 2 X140= ^ 2130 

0.75 X 27.625 x 100= 2070 

0.5 X27.G25X140= 5300 

X 27.G25X 140= 3580 

2X131.8 X125 = 3460 

44453 «. 
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Tfvking lirst moment about C wo lia\e : 

2070 X 0.375+2130X 1.125+2190 X 1.875+2250 x 2.G25 
+2310 X 3.37O+2370X 4.125+2435 x 4.875 + 2490 x 5.G25 
+2555 X G 375+2G12 x 7.125+2672 x 7.S75+2722 x 8 G25 
+2792 X 9.375+5800 X 10 5+3580 x 1 1.87+3480 X C.925 
= 780+2400 + 4200+5920+7800+9800 + 11850+14000 + 10250 
+ 18GOO+21000+23500+2G100+GIOOO+42500+24000 


Earth Preaure •— 


= 1 p;^» <^. 

2 I+Sin <t> 
= ixl00x29 
= 9650 lbs. 


•h- 40" 
Sm G4. 


- 

3 


= 937' 


Tlie HesuUant passes tbrougli Uio midOlo third. 

Overlnming : — 

170 

Tho factor of safety against overturniug =* 3 wliicii is safe. 

SUcimQ 

T«n« = 

=0217 


- H _ 9050 
V 11158 


This is less th.an .1 mid so it is safe. 
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WING WALL (Continued). 


Section II 


Vortical Weight : — 

0.75 X 3.025X100=272 


0.75 X 10 X 140 = 1050 

1322 lbs. 

0.75 X 5.025 X 100=422 

0.75 X 8 X 140=840 

0.75 X 7.025 X 100=572 

1202 

0.75' X 6 X 140=630 

1202 

0.75X9.625 X 100 = 722 

0.75 X 4 X 140=420 

1142 

0.75X11.625X100=875 

0.75 X 2 X140=^ 

1085 „ 

0.75 X 13.025 X 100= 1020 

1020 

1.75X13.025X 140=2870 

2870 .. 

.91x1^^X140=870 

870 

2 X 7 06 X 125= 1920 

1920 


12093 lbs 

Taking 6rst moment about cc 


1020 X .375 + 1035 x 1.125+ 1 142 x 1.875 + 1202 x 2.625 + 1262 

X 3.375 + 1322 x 4.125 + 2870 x 5 

25 + 870 X 0.3 + 1920 X 3.83 = 

382 + 1220+2140+3170+4200+5400+15100+5500+7300 

= 44592 



.. 

12093 


.375 

5 250 

75 

75 

1.125 

COO 

.75 

3 

2 625 

0.30 

.75 

CO 

3 375 

0 90 

.75 

.75 

4 125 

2i 7.00 

1 125 

5.250 

3.83 

Earth Pressure. 


_i T^.t 1-Sin 
^ ™ l + Sin^. 

4 , =40° 

Sm 4 > =0 04. 


= 5X100X15 C25*x^ 


= 27C0 lbs. 
a-=15.C25/3 = 0203 
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The Resultant of Vertical weights and the Earth Pressure passes through 
the middle third. 

Overturning 

Orertuming momerit=2700x5.20S^ = 14100 ft. lbs. 

Resisting moraent=12G93 (7.66—3.52) 

= 12693X4.14 
= 52500 ft. lbs. 


Factors of Safety = 


52500 

14100 


=3.7 which Is safe. 


Sliding 

The angle which the resultant makes with the vertical=oc where tan 

oc=S = 2™_ = ooi3 
V 12693 


This la less than the co-efBcient of Friction (0.4.) 


Co-efictent cj Friction 
tan ®« = tan 22’’ say 
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Stability of Pirn. 
(Yiae Plato No. 8.) 


itinimutn vortical reaction doo 

I 

o 

l_+^994j^j =4.00 

0.0057X0 _ 

o 

■ 0.994+0.075,,,, 

00057+00240„,, 

o 

?=5Z5±iH2x 0.32 =0 05 

0 0246+0 OCOG^g 22 -0.2C9 

0 

0939 +0.887„,, 

X 6.5 =0.565 
o 

0887 + 0.8a 

0n3^0J5^„g,g =0 30 

Area under uniformly = 25 57 in* 
distributed load 

Area under uniformly= 1.2317 in* 
distributed load. 

0 348 X 0 81 

=0 282 

0.432 X 0.69 

=0 298 

0 515 X 0 5 

=0.258 

0.432 X 0 35 

=0 101 See Intluenee line for "V" 

0.340 X 0 20 

=00697 

0 0387X25 57 

=09900 

0 0546X 1.2317=00675 


2.1162 tons 


Total minimum vertical Reaction due to live load — 2.1162X2240X20 lbs. 

= 95000 lbs. 

Maiimum Horizontal Thrust due to Live Load 
0.668 4* 0.54 ^ « «q « no 


0.144 +0 03Cl ygg =0495 
?^X5 =00902 


.\rea under unitormly distributed load=7.0952 in^ 
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1.33 xl.24 =1.650 

0.432 Xl.ll =0.480 
0.336 Xl.ll =0 374 
0.348 X 0.841 =0 292 
0.0387 X 7.0952=0.274 
0.0387 X 7.0952= 0.274 


3 G36 ions. 


Total maximam Horizontl thrust duo to live loaa=3.G36x20X2240 

= 163000 lbs. 


WEIGET OF PIER. 

Battered Portion. 

Area of top = 8X 10 5+ “7 X 8* 

4 

=84+50=134 sft 

Area of Bottom = 10 7x31.7+ — X IF 
4 

=340+95 
= 435 8ft. 

Yolumo of Battered Portion=(134 +435)8 

=669X8= 4560oft. 

15x36 X 1=540 + Volume below battered portion 1369offc. 

13X34X1 = 445 Total volume* 5919cffc 

ll.7x32.7x 1 = 384 

Yolumo liolow Battered 
portion 1369 eft. 

Weight of Pior=5919 x 125 
= 7,40.000 lbs. 

20674 + 17030+12860+8360+6500+4800+3600+3140 = 77464 lbs. 
Dead load (for Zxjng/tudinal Strip of Slab 2'wido) = 774G4 X2 = 164928]bs. 
Total Dead Load Rcaction=I54928X21 
= 3240.000 lbs 
20674X0018 = 371 0 
17030X0.09 =15300 
12860X0.2345 = 30200 
8860X04325 = 3830.0 
6500X0.6615 = 4300.0 
4800X0892 =42800 
,3600X1.09 =3930.0 
3140XJ.205 =3790.0 
25051.0 


Corresponding horizontal thrust 
duo to Dead Load =50102X20 
= 1002010 lbs. 


11. T. = 25051X2 
=50103 lbs. 

(For Ixjngitudinal Striji of Slab l' wide) 



Dead Load Horizontal Thrust on the pier from opposite side balances. 
Dead Load Vertical Roaclion=32i0,000 lbs. 

Weight ot Tier. =740,000 
Total =39.80,000 lbs 

Taking Account ot buoyancy Total Vortical Reaction (acting through tbo 
Centro line ot Pier) = 10,90,000 lbs. 

Minimum Live load Teaction=95,000 lbs. 

Maximum Horizontal Tbrast (duo to live load) •=1,03,000 lbs. 

So from the figuio it will be seen that tim Resultant thrust passes within 
the middle third. 













DISCUSSION ON PAPER No. 38. 


Rai Bahadur S. N. Bhaduri (Author) : — I introduce the paper which U 
already before you. 

Mr. G. M. McKelvie (Central Provinces) : — Mr. Chairman and Gentlemen. — 
As a delegate from the Central Provinces I have read the paper with peculiar 
interest. The Central Provinces claim to have pioneered in India on the design 
and construction of submersible bridges and a few remarks on the difference 
between current trends in design ani practice in the Central Provinces and 
those indicated in the paper under discussion might bo of general interest. 

But first, I would like to make a few general remarks. From the 
description of the site it is not clear that a submersible bridge was really 
necessarj'. Generally speaking, a submersible bridge is required only in rivers 
which regularly over-top their banks in high flood, and then only when it is 
not economical to make hanked approaches and a bridge which will pass the 
full discharge of the catchment. A typical submersible bridge m the Central 
Provinces is the bridge over the Nerbudda near Jubbulpore The formation 
level of this bridge is 40 feet above the bed but the highest known flood was 
78 feet above the bed level Nevertheless, this bridge is o%'er-topped by floods 
for two or three days only during a normal monsoon This submersible bridge 
with its approaches cost nearly Rs 7 lakhs while the railway high level bridge 
a few miles down stream and constructed at the same time cost more than 
Rs. 44 lakhs 

*- ■ “ * *' ‘ ' ' i would be cheaper than a 

to know the reasons which 
’ • . , ip rock BO near the surface it 

appears possible that a bridge With shorter epans would have been cheaper 
if designed so that the cost up to springing level was equal to cost of the 
arches. In somewhat similar conditions in the Cectral Provinces reinforced 
concrete girder and encased steel girder stabs have proved very economical. 

The calculations of thrust due to tbo velocity of river water m high 
floods (referred to m para. 15 (4) of the paper) would be of general interest if the 
author would kindly give them m his reply to the discussion on his paper. Such 
calculations are not given m ordinary text books on bridge design. The heavy, 
solid spandrels shown in the Parbati bridge design will cause a big afflux and 
offer great resistance to the rnor current so that the overturning moment will 
be very great iu high flood. 

Turning now to recent trends in design in the Central Provinces I wonld 
mention that the tendency now is to make the bridges wider than heretofore: 
in a long bridge it IS considered that a 20 feet clear road way is the very 
minimum that should be provided for the safety and comfort of traffic On 
the other hand considerable economies have been achieved by working to 
poorer mixes of cement concrete than those used on the Parbati bridge. For 
example, hcartings of 1 5 8 plum cement concrete are common ; spandrel 
filling often consists of sand and shinglo . superslrucluro masonry is built in 
I : G cement mortar . and plum concrete is us^ m all massive |>ortions of the 
structure where ordinary concrete was prcviousl> u*ed In this connexion I 
was surprised to notice the low compression stcensths obtained at the Paibali 
bridge for the c> finders of 1 2 4 cement concrete. rrcsumiMy the coarse 

aggregate was trap as trap rock was foan I in the exciMtion trenches The 
average compression strengths of 1 2 I mix concrete (Sw astika Indian cement) 
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20 per cent o( the area ot the hydraulic section of the river, as it stood befor6 
the construction of the bridge 

Considering the spandrel walls and the soffit of the arches as constituting 
the rightangled edge of an in-efficient orifice, and considering also the lelatively 
high velocity of flow, it will bo seen that the bridge presents an obstruction of 
well over 20 per cent and there will be a very considerable afflux 

Foundations for this project were easy and ^Yith very little risk of 
unequal settlement, so perhaps a structure of strong, slender, stream-lined, 
reinforced concrete piers on 70 to 90 feet centres and carrying steel pony-tiusses 
or reinforced concrete cantilever beams would prove a satisfactory high level 
alternative design It would bo interesting to know whether such a scheme was 
coDsidoied and, if so, why it was not adopted. 

Chairman t — I now call upon Rai Bahadur S N. Bbaduri to reply. 

Rai Bahadur S N. Bhaduri : — As for Mr McKelvie’s general remarks I may 
say that the Parbati River overtops its banks almost every year during floods and 
as it would have been very expensive to build a high level bridge, it was decided 
to construct a submersible bridge and the designs were taken out accordingly 
During construction it was found possible to raise the piers by G feet making 
the roadway lUst above the Eligh Flood Ixivel 

A comparative statement of cost with 80 feet span and with 103 feet span 
was actually taken out and tho decision was in favour of 103 feet span. This 
was probably duo to the fact that the Contractors (Messrs Indian Patent 
Stone Co., Limited, Managing .\gent3 — Messrs Bird and Co , Calcutta) ofTored 
to construct 103 feet span arches at a louer cost, owing to their having tho 
centerings for the larger span available from stock 

Reinforced Cement Concrete girders or encased steel girders should not in 
my opinion be used for submersible bridges because vibration is caused by flood 
water passing in contact with tho girders Of course a bottom decking would 
remove this objection but then the cost would bo increased 

\ reference to tho calculations for tho stability of the bridge against 
horizontal force caused by the velocity of water will show that tho co-efficient of 
- . .. Total force , , , , 

friction l.e,-=w r-rr ~ — — is only 116 .\nd this is 

The weight resisting horizontal force 

quite safe. 

Tho question of making a wider bridge across the Parbati River was con- 
sidered at the lime of designing the bridge and it was found that there was no 
possibility of getting a larger amount sanctioned by citlier the Government of 
India or tho Gwalior Darb.ar, and therefore it had to bo given up 

In all mass concrete work 15 iKir cent plums were used 

I shall be glad if Mr. McKcIvio will send mo tho details of te>t results of 
tho Central Provinces bridges and the inateriaU and tho mixture used so (hat the 
matter may be investigated. Crushing strength of 3102 to 4000 pounds i>cr 
square inch with trap stone as coarse aggregate is considered good 

Tho coping was specially made 9 inches high with tho object of rrovulin-’ 
a wheel-guard all along the roadway to prevent wheels of bulbcl-caiis from 

knocking against the railings The e-lges of the copings are well roonded and 
outlets are provided for drainage 
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In designing tha abufcmants tbs counter thrust oJ earth baching has been 
iguored as will be seen by a reference to the calculations. Slip joints have been 
provided at the end between the abutment and the wings. 

As the centering on adjacent spans were put up simultaneously, the piers 
were not braced separately during construction of arches. 

We have found cushioning with sand of advantage and have done so in 
all reinforced cement concrete bridges of 24 feet span. 

Silicate of soda was used as an experimental measure to see how tiie 
surface concrete behaves with its application. 

On 24 feet span reinforced cement conerete bridges Silicate of Soda was 
not used. 

Mr. McKelvie has not mentioned the spans of the Central Provinces 
bridges. For arch bridges of 100 feet span or more expansion joints are in my 
opinion necessary. 

As for Mr. MurreU's remark it may be pointed out that for a submersible 
bridge the question of afflux does not arise to the same extent as for a high level 
bridge. A comparative statement of cost of a bridge with 80 feet span and one 
with 103 feet span was prepared and as the latter proved cheaper, it was 
adopted. 

It must he remembered that the Parbati bridge was designed as a sub- 
mersible one and therefore pony trusses or cantilever beams were ruled out of 
consideration owing to the diQiculty of anchoring jtbese properly against the 
uplifting and thrusting forces of flood water. 

Chairman ; — Gentlemen — I am euro wo must all feel very grateful to 
Rai Bahadur Bhaduri for giving us such a careful description of an important 
work actually carried out and I would strongly urge members of this Congress 
to give us more papers like it. 

A most valuable feature of the paper is the detailed itemised statement 
of cost. This information is often omitted or supplied in highly summarised 
form and 1 \NQuld draw the attention of Members who propose submitting 
papers of this nature to the great value to tho profession at large and our 
Members in particular of these detailed cost statements. 

In inviting Members to give us more papers of this kind I would ask 
them to include tho following particulars : — 

1. A dimensioned cross section of tho roadway. 

2. Tho loadings on which tho design is based. 

3. Tho cost per square foot of tho elevation area comprised hy tho 

road level and tho bottom of tho foundations. 

4 Tho ratio of tho total cost of tho substructuro to tho cost of those 
parts of tho supcrstnicturo as arc subject to variation with vari' 
aliens of span 

I would urge tho Congress to securo information regarding theso items 
(nr all lyiv*^ of bridges for which it is availablo to its members and to send 
them to ilin Secretary, sinco a coUoction of exact information on those points 
wilt Ivj. if sutficienlly extensive, of tho highest value. 
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AND Oinnu FUNCTIONS IH:M> DUUli'IO TMi: TIIIUD 
AN HOADS CONOHUSS. LUCKNOW, rUllHUAIlV J'.MV. 


Thunday, February 18, 1037 


elogitca Resembled nt tlio Hanlitirfl Library, (Jurf i/a Ourtfrit*. |)ollil, 
ded from Uiere in lni*ei to iri«|>ect tb« Otllowifit* Meijji (-it t)i« fltati'l 
1 

(1) DELHI PnOVlMCE. 

— (n). Jinf/ eomfrueiionni titnfrntton* e/ ffetiii (o f'e utt 

piten in AjTfntUr A. 

(/j) J!r/erfnffi irlnle lo llt^ lin/jg t.f tUf /ii'/fdn 

JioatJi Conyr/'ii MtU / Mfftiit ft/unl .</»/<* h>if (I 

Jioad, Mile '■! Meaut llt/'i't mean* .Vtfe Hh'l (J 7' Hint 

30 Ofl. 


CEMENT CONCRETE ROAD- 2 Furlong-*. 

(liago 37 o( FrocccdmgH). 

PlinssHST CONDITION. 

examination of the eurfaco of this road aliov.x that it in Iwsiiig r rr/<Ii i] 
I ^veigHt of traffic. The erosion, in a nuinlyir of RlnhH, Ih hh iiiuoii aa 
irters of an inch in sliort lengths — Tho coiiHtructlon joint liii» wiiliiiu'd 
lut 3 inches \sido now and at tho cods of tho elahH iil thu Iraiittverioi 
h*libe hollows have formed 

Ij INCH PRBMIXED CO\T WITH HOT SOCONV ASPHAI.T— 
in furlongs 2 and 3 of Mile 884 G T Hoad (page 40 of I’lucccdinga), 

rnzsr.NT condition. 

has been necessary to repair this with a number of patclies, and t!ie 
ilso shows corrugations 

GROUTING WITH HOT ASPHALTS— (Page 22 of Proceedings). 

(i). 2 inch Clouting xath ilcxphalte and a Seal Coat. 

PBESCNT CONDITION. 

lie surface bleeds in the hot sun causing the bitumen to creep towar,f 
es where it may be seen collecting along tho brick edging. *** 

Qveral patches have been necessary where the surface began to rj:,* 
as a result of some of the bitumen content being squeezed out 
of the traffic. 

Jorrugations have also formed in some short lengths. It would an 
ras an excess of bitumen in thi? work. Plttr 


i 



(ii) S inch Grouting trith Sccony Asphalt and a Seal Coat. 

TRESEKT CON*DITIOX. 

Several jiatches have been noticed where the sm face has disintegrated. 
The bitumen in these jntches aiij>ears to be less plastic and hence the carpet is 
more rigid than the Mevphalte grout. The surface does not bleed and has no 
corrugations. 

U). IKCn SHELCRETE— (4th and 5th Furlongs of Mile 832 G.T. 

Road, (page 24 of proceedings). 

PRESEKT COKDITIOX. 

The surface shoa-s marked depressions some of which liave been levelled up 
by the maintenance staff by filling them with premixed stone grit. This has 
made the surface rather bumpy. 

A few patches have been noticed where the surface has disintegrated. 

(O). 2j INCH TEINIM.^C— (Furlong 3rd of Mile 6S2 G.T. Road, (page 
47 of the proceedings). 

rnESENT COKDITION*. 

Tlie wearing surface is breaking up at the edges. In a few places where 
patches were necessary the binder course was fonnd to have moved. This led 
to disintegration of the structure. 

There is little adljcsion between the wearing and the binder courses in this 
si'ccification. Corrugations are also found. 

(Ch PAINTING lA'Iin SPRAMEX DOUBLE CO.VT.— (Mile S31 and 
2 furlongs of Mile SS2). 

This section of road affords a good example of how a surfaced road which 
has deteriorated can be improved without having to rcmetal it. 

This work was done two years ago and the surface to-day is quite intact 
and is standing up well 

The road was rcmetalled in the jear 1530 and was first painted with 
Trinimac Asph.aU Cement in the year 1930-31. It was re-painted in the year 
1931-32. 
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(H). UNITED PROVINCES. 
Grand Trank Road 


(1) . MILE 879 

This milo is similar in construction to item (2) being done at the snmo 
time. When the unevenness first bec.\mo Itad in 1934 an clTort was made to 
rectify it by giving two coats of paint. The first was applied to the low spots 
with tlio object of bringing thorn up as much ns possible. Tho second coat was 
given over tho wholo surface. Though this improved matters to some extent 
the surface will still be scon to be very uncA’cn. Tho road is IG feet wide and 
carries a traffic of 1184 tons. 

(2) . MILE 878. 

This mile was one of tho earliest attempt at asphalt road construction in 
the United Provinces having been constructed m 1926 It is asplmJtfc concrete, 
3 inches thick, the bitumen being Trinidad Refined .Asphalt and Flux Oil. The 
road is IG feet wide and cairies a total tralFic of 1181 tons per 24 hours Tho 
surface gradually became ^ely wavy and by March 1934 was so had that 
travelling o\er it at a speed of more than 25 miles per hour was difficult. This 
defect was attributed to the use of too largo a proportion of bitumen in the 
mixture. Efforts were made to improve the evenness of the suiface by 
repainting They were to some extent successful ns the suiface was at one 
time far worse than it is now It will bo noticed that, apart from the 
unevenness, the road has stood the traffic uelb Cost Rs 5'3/7 per square yard. 

(3) . MILE 872 (FDRLONG C) 

The object of interest hero is the peculiar behaviour of one bay of this 
concrete road. The slab is 5| inches . 3^ inches: 5^ inches made with rapid 
hardening cement to a mixture of 1:2:4. 

The bay in question was laid on March 2G. 1935, and was opened to traffic 
30 days later. On June 14, 193G, a piece about 1^ feet in diameter exploded 
with a loud report like that of gun fire, the bay cracked transversely and a 
number of small cracks also apjieaied. The cause of the explosion could not 
be determined definitely. It was thought however, that it may have been due to 
some portions of the rapid haidenmg cement having been left unmixed in the 
mixtuio and they might have got damp after the rains Perhaps delegates may 
he able to offer a suggestion. The mile is 12 feet wide and carries C22 tons 

(4) . JIlLE 8GG. 

This mile was painted with a coat of Shalimar Tar No. 1 in June 1935, 
and then with Spramex in October, 1935. It is one of the five miles on this road 
that were painted before it w-as decided to adopt cement concrete. The traffic 
is G22 tons on a width of f 2 feet. It will he seen that in places patches are 
beginning to form and the paint appears to be peeling off. ' 

(5) . MILE8G5. 

Tliis concrete mile was completed in November 1935. Tbe slab is 5 J inches • 
3^ inches : 5^ inches and tho mixture 1:2 4 About one month after tbe mile 
had been opened to traffic hair cracks were noticed in some bays. For about 
three months they gradually extended until they became about 4 feet long after 
which tbe extension ceased. Most of the cracks are about 2 feet from tbe ed^ 
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of tho road and it is thoaght that they may have been due to lorries passing over 
the bays vrhen they veie only paitially cured. This 12 feet mile carries 022 tons. 

(C). MILE 857 (FUELOKGS 4 & 5). 

Tiio concrete road slab hero is 5^ inches: inches : 5^ inches and mixture 

ItQ:!. Tlie point of interest is that tho road has been constructed in two lots. 
In tho ono-half tho nlternato bay method of construction xvas adopted, the bays 
being 33 feet long. On tho othor side of tho road the continuous bay method 
xvas adopted and a length of 1G5 feet was completed as one bay. In other 
respects the two lots of tho road nro the same It will be noted that transverse 
cracks have appeared at a distance apart which is loss than 33 feet. Beyond 
those transverse cracks no defects h.ave come to light. Traflic is G22 tons over 
12 feet wide road. 

(7) . MILE 648 (FUBLONG 5). 

This concrete ro.ad was opened to traflic in May 1936 In order to see the 
result of tho woik a slab, 4 feet in length, was cut out of tho road surface after 
it had been under traflic for about four months. This slab is to be seen. Tho 
road is 12 feet wido and carries 40G tons 

(8) . MILE 847 (FURLONGS 4-8). 

In this mile an experiment is being made to determine tho difTerence in 
behaviour, if any, between a sdicated and unsilicated surface. Tho oven bays 
were silicatcd with tlireo coats in tlie usual manner soon after Ja>ing A white 
cross has been put on tiie coiner of tlicsobajs. TJio odd bays have not been 
silieatcd. Tlie road was opened to traflic on December 80, ID3C. Traflic is 49G 
tons on a width of 12 feet. 

The p.arty reached Bulandshahr at about 2 pm. and after taking lunch nt 
the railway station left in a special train reaching Cawnporo at mid>night. 


Friday, February 10, 1037. 

Tho party re*assembled nt the Cawnporo Bailwaj Station and proceeded 
from there in cars to inspect tho following items. 

GRAND TRUNK ROAD. 

(1). mile C20 (FURLONGS 1.3i) 

A thin concrete slab is being hid hero on an existing water-hound road, 
the surface of which had f>ccn previously punted hut wliich had failed to stand 
up to tho traflic which is ncconiinj: to census, 4250 tons on tho full 24 foot 
widtl: of tlio road The road shh is 3 inches : 2 inches : 3 inches and is being 
constructed in two strips c.ach 10 feet aaido witli a central contraction joint. 
The mixture of the concrete is 1:2 1 and it is being reinforced with a Cinch 
mesh of i inch diameter steel wire. It will ho noted that in tho preparation of 
sah-grado there is no insulation h>cr. On the contrarj- a cement wash is being 
KiTcn to proaldo adhesion. The surface is not being treated in any way except 
for one or two cxj'crimental baj «. 

Tldi work is I'cing done as the result of the vcr>- Falisfacton* results that 
liavo J/eeri oMsIned from a tri.al length of 200 feel Laid in January, 1035. under 
a traflic of 050 lens This is item (13) and tr^a tnar..n..f /..i i.i i.. ti.. .i... 
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of the road and it is thought that they may have been due to lorries passing over 
the bays ^\’hen they vrere only partially cuied. This 12 feet mile carries 622 tons. 

(G). MILE 857 {FURLONGS 4 & 6>. 

The concicte road slab hero is 5j inches : inches : 5^ inches and mixture 

1;2 4. The point of interest is that the road has been constructed in two lots. 
In the one-half the alternate bay method of construction was adopted, the bays 
being 33 feet long. On the other side of the road the continuous bay method 
was adopted and a length of 165 feet was completed as one bay. In other 
respects the two lots of the road are the same. It will be noted that transverse 
cracks have appeared at a distance apart which is less than 33 feet. Beyond 
these transverse cracks no defects have come to light. Traflio is 622 tons over 
12 feet wide road. 

(7) . MILE 848 (FURLONG 5). 

This concrete road was opened to traffic in May 1936. In older to see the 
result of the woik a slab, 4 feet in length, was cut out of tlie road surface after 
it bad been under trafBc for about four months. This slab is to be seen. The 
road is 12 feet wide and carries 496 tons. 

(8) . MILE 847 {FURLONGS 4-8). 

In this mile an experiment is being made to determine the difference in 
behaviour, if any, between a silicated and unsilicated surface. The even bays 
were silicated with three coats in the usual manner soon after laying A white 
cioss has been put on the corner of tiiesebajs. The odd bays have not been 
silicated. The road was opened to trailic on December 30, 1936. Traffic is 49C 
tons on a width of 12 feet. 

The party reached Bulaudshahr at about 2 p.m. and after taking lunch at 
the railway station left in a special train reaching Cawnpore at mid-night. 


Friday, February 19, 1937. 

The party re-assembled at the Cawnpore Railway Station and proceeded 
from there in cars to inspect the following items. 

GRAND TRUNK ROAD. 

(1). MILE 620 (FURLONGS 1-3^). 

A thin concrete slab is being laid heie on an existing water-bound road, 
the surface of which had been previously painted but which had failed to stand 
up to the traffic which 19 according to census. 4250 Lons on the full 24 feet 
width of the road. The road slab is 3 inches : 2 inches : 3 inches and is being 
constructed in two strips each 10 feet wide with a central contraction joint. 
The mixture of the concrete is 1:3 4 and it is being reinforced with a 6 inch 
mesh of i inch diameter steel wire. It will be noted that in the preparation of 
sub-grado tliere is no insulation layer. On the contrarj* a cement wash is being 
given to provide adhesion. The surface is not being treated in any way except 
for one or two experimental bays. 

This work is being done as the result of the verj* satisfactory results that 
Imvo been obtained from a trial length of 200 feet laid in January, 1935 under 
a traffic of 900 tons. This is item (13) and was inspected later in the day. 
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(2). MIIX G20 (rUnlXl^GS 

Tlic- Mi.l >hl) licif 1 . 2(1 (ofl wi.Ionliil Intl'coii Inid in Inn i.ln|ii iil 10 tcct 
each wilh a rcnlml cnjiltaclmn j«»int l-ioli flali 0 inchc'i ■ •! inclic'i: 
C inclip« of a I : *2 4 ntid >«; i»ol iTiiiforcc<l Tlio hinf.icc has hceii 

hanlcncsl nf Tho recon1(sl trsiflic here is 4250 tons i>er 

21 hours on the 20 feet \\i<Uh Ihcworkt^as cojnj'^ctwl March, 1930, so 
that it has now l»ccn unOer traflic for 11 innntlis 


(3). MIL1:G21. 

This !niJe is a fair cTsinplo of the groutotl work put down in tho early 
dajs of road reconslruclion At the titne, it svas l)clicvc<l timt such a constroc* 
tion would l>c capable of satisfactonlx taking the Imflic ^ Tho squeermg cuect 
of heavily loaifcif iron taros was unsnspectc<l. In this particular rtnio tho 
bitumen usc<l was Trinidad llcfincil Asphalt and Fins Oil. Tho work was dono 
in 1929 and (lie traflic is tons i*or 21 hours The failuro is typical. Tho 
work Was csjxjnsiac (Rs 3 7 - i>cr wpiare janl in this case) and, as has been 
since proved, the results did not justify the outlay. 

In Qnlcr to show tho manner in which tho grout coat has squeezed it has 
been cut off from one-half of the road. Tho section exposed may bo of interest. 


Ci). MILRS C22 and G23. 

These two miles aro of similar construction to that in item (3) but «[» this 
case the materials usetl \vero Mexphalto and Spramet, u 

fore, be made with item (3) Tho woik was done in 19-S--9 owd tho twftie it 

has to stand is 1600 tons per 21 hours on tho 1C feet widtli Theso in i es will 

shortly he replaced bj concrcto Tho existing grout cost about Rs 3/-/- per 

square yard At the present day a Cinches 4 ^ 

couM be put down for tho samo money and it seems likely that such a slab would 

stand the traffic satisfactorily. 

is). 5IILR G2i (FURLONGS 1-4). 

Tins was Trinidad Refined Asphalt semi-grout ’-'ij, 
u-ill be seen that the road has completely broken up Tlie IraBio hero le 1G60 
tons on the 16 (cet width and it is oyident that tho form f 

suited to the load ,t has to take. « -^ay bo mentioned tha the sur^^^^ 

repainted in 1934. This section is being replaced by a thin slab of Remfoxced 
cement concrete- 

(6) . MILE 624 (FURLONGS 6-8). 

. This section rras grouted with Trinidad Asphalt in June 1929. It 

IS interesting to note how this has coinplololy ‘’'“'‘f " '‘S i^boui 

which is or a similar construction has only tan rutted T'‘f,,ha,imrThU 
the same and no explanation can be offered for the differe c . 

section is being replaced by a thin slab ol reinforced cement coucreto. 

(7) . MILES 625 To 629. 

These are of no special interest but M it is 
may be mentioned that they have received surface treatment of different Linds. 

Mila C25 is Spramex. Last painted in May 1935. 

Mile G2G is Sprames and was last painted in June 193G. 

(These miles are IG feet wide and carry a traffic o! 1250 tons). 
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Mile G271 These have a BiDgle coat of Tar 
Milo C28i given in May 1936. 

Mile 629 is Spramox over ORMUL emulsion and was last painted in 
November 1933. 

(These throe miles aio 12 feet wide and carr>' a trafBc of 987 tons). 

(8) . MILE 630. 

This is an instance of a mile with a bitumen painted surface being unable 
to stand up to a traffic of al)out 987 tons per 24 hours on a 12 feet width. The 
original coat of paint was gnen in 1929 and it was last painted in July 1934. 
The old surface is now being replaced with a tJiin concrete slab. This new' w'ork 
is expenmental in character. Each furlong will bo treated slightly differently. 
"Work sliould bo actually in progress at the time of the visit. The mixture in 
each case is 1:2:4 and it is intended that : — 

Furlong 1 shall have a 3 inches . 2 inches ; 3 inches slab. 

Furlong 2 shall have a slab of 2 inches uniform thickness. 

Furlong 3 shall have a 3 inches • 2 inches : 3 inches slab reinforced with 
a 4 inches mesh of 1/8 inch diameter steel wire. 

Fuilong 4 shall be of 2 inches uniform thickness with reinforcement ns in 
fuilong 3. 

Fuilong 6 shall have a 3 inches ' 2 inches : 3 inches slab reinforced with 
rabbit netting 

Furlong C sliall be of 2 inches uniform thickness leinforced as in furlong 6. 
Furlong 7 shall have a 3 inches - 2 inches .* 3 inches slab un.ieinforced. 
Furlong 8 sliall have a 3 inches uniformly thick slab and will be un> 
reinfoiced. 

Those all were carefully watched for comparative puriiosos. 
lUCKNOW-JHANSI BOAT. 

(9) MILE SI (FURLONG 4) TO MILE 02 (FURLONG S). 

This toad is 24 feet wide and shows how Asphaltic cement concrete has 
failed under exceptionally heavy mixed tinffic amounting to no jess than 3,370 
tone Tlie road was constructed in 192C and no sutface treatment has been 
given Rinco it was constructed The roadway will be leplaccd by one of 
cement concrete. Tins section niny be comp.arcd with item No. (10) below'. 

(10) . JIILE 02 (FURLONG 0—8) 

This cement concrete lond, which was constructed eaily in 1929, may 
ho comp.'ircd witli item No. (9), the width and traffic being tlio same, i c . 24 feet 
wiilo and li.aa Ijccn constructed in two strips with n centre joint. Each 
strip is 8 Indies : G inches : 7 inches and the contraction joints are at an 
aiiglo of CO degrees witli the centre lino. The surface treatment consisted of 
luardcning with Silicate of Soda. The cost of construction was high, being 
Rs. c/2/. per sfjuaro yard but the work wasdono wlien the cost of coroont was 
liigh It should bo noted that tho thickened edgo at the centre joint necessitates 
the foiming of tho subgrado to a section which cannot be consolidated with a 
steam I oiler. Hand ramming has to bo resorted to, tho samo degree of compac- 
tion is not obtained, and it is (lossible that this may bo a source of weakness. 
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(11) . MIIiHfiD, 

Tills niHo Tvfvs pa'mlcA ^^ilil Trinidad llpfiiicd Aspimit in Mnrcii IDSO. 11 
'vas again painted nitli Ppramex in April IM.I, and again in May 1035. Tliis 
fnilo lias brol»cn up anil is to lie replaced aM’th concrete eacntunlly. The mile 
is 1C feet xvido and carries a tiafllc of 879 tons 

(12) . MILE 50 (FU!iU)KG 3. FIItST 400 FEET). 

In tins length an cxpcrinient was tried l»y forming the concrete load slab 
in two lajers, the bottom lajcr being of a cheaper material and the top 
lajer of a more dm able one The under lajcr of concrete was made with 
brick ballast and sand to a mixture cf 1 : 8 : IG and laid to a section of 
4 inches : 3 inches : 4 Inches. The upper lajcr was made with stone ballast 
to a 1 : 2:4 mixture and laid to a section of 3 inches : 2 inches : 3 inches, thus 
making a 7 inches : 0 inches 7 inches composite slab, Tho cost woiked out 
at Rg. 3/. jicr ffjuaro yard. As a stiaigbtforward slab of a section of inches : 
3^ inches ; lt\ inches can ho conslmctcd for tho same cost, Ihcio appears to 
be little advantage to ho gained hj adopting the more coniplicated construction. 
This mile is 12 feet wide and carries 879 tons. 

(13) . mile 5G (furlong 3. LAST 200 FEET) 

This is an oxamplo of a thin concrete road. Tho section of the slab js 
3 inches : 2 inches : 3 inches onlj, tho mixtuio being 1 ; 2^ ■ 4 and leinforced 
with 1/8 inuli lound iron laid in a G inches mesh Thero is no insulating lajci 
under the slab It is laid diiectlj on tho stono sub-grade after cloanitig tho 
latter and giving it a cement wash. Tho road was constructed m Januaij 1935, 
carries about 900 tons of mixed tiaffic per 24 hours, and is weaimg veiy satis- 
factorily. Encouraged by tliese results thm sl.ihs arc being experimented with 
under heavier traffic, vide items (1), (0), (C) and (8) Tlie tiaffic in this jmlo is 
879 tons on a width of 12 feet. It may bo again noted here that m item (l) tins 
construction is being tried on a 21 feet road cairjmg 4250 ton«. On the half 
Width thib maj ho taken as 2125 tons oi about 2^ times t)>o load earned hj 
this i-oad. 


Lunch Inthiival 


(14) . MILE 45 

Cement concrete 9 inches G inches 9 inches in section was laid in 1931. 
inor to this the load W’.as kanknr winch used to last not nioio than a jear. 
The traffic amounts to about 2200 tons pci 24 hours and consists largelj of 
bullock carts Tho concrete pavement is 20 feet wide without any central 
]oint. An insulation layer of sand was provided under the concrete and tho 
Biufacootthe latter was tioated with silicate of sod.a on completion E.xcopt 
for occasional filling of the joints with Bituincii thcio has heen j'r.ictically no 
expenditure on maintenance. Tins mile is an example of a fairly old length of 
concrete, of tho thickness originally adopted, which is behaving nominllj. 

(15) . MILE 45 (BRIDGE IN FURLONG 8h 


At this point tho concrete sl.»b is of inteicst Irccauso Uio roadway over tIjH 
hritigo vvas laid in one continuous slib 109 feet long and 18^ feet wide, ninl 
G inches thick throughout. Tiie edges were not tiiickened In spito n'f Dm 
unusually largo size and tho incvrtablo vibration caused by the Lridgo there hat 
been DO appreciable cracking. 



(16) . MILE 40. 

This mile 'was constructed in 1929 and was one of the first miles laid 
by the staff of the Lucknow division. The nule is of interest as showing 
the maiked degree of \\avjness, causing uocomfoitable travelling, which 
can result from lack of caie and knowledge m lading the conciete. It is 
believed that this wavincsa is chiefly due to lack of attention in bedding the side 
foims firmly, seeing that they ate correctly levelled and ensuring that the 
concrete on either side of joints is peifectly true to level. The general design 
etc. of the concrete was the same as in the miles aheady seen. 

(17) . MILE 38. (FURLONGS 1-4). 

The road is Trinidad Refined Asphalt grout laid in 1928 over watei- 
bound stone done in 1927. Tlie thickness of the grouted coat was 3 inches 
The traffic is not more tlian 1000 to 1100 tons per 24 hours. The mile has not 
stood well : ruts appeared fiist and then the whole surface became uneven. The 
mile will shortly be suifaced with conciete inches thick. 

(18). MILE 37. 

In this mile theie are two test lengths of Tar/Kankar premix and Tar/ 
Stone premix, laid under the direct control of the Shalimar Tar Co. TJie 
Tar/Kankar promix was purely experimental and was not guaranteed by the 
Company. The traffic in this section amounts to over 1000 tons per 24 hours. 
Tlio mile was pninted in 1927 but in the following five yeais had to be painted 
three times; even then the suiface was poor. 

The two tar carpets have been under traffic for over 18 months and the 
stone carpet is still in good condition thougli the kankat carpet is showing wear 
and is developing sliglit tuts 

(19). MILE 3G. 

Four furlongs of this mile have been used as an experiment with 
"GUNITE" with the object of asceitaining whether this method of applying 
concrete is likely to be successful on (a) water-bound stone, (b) water-bound 
kiinkar and (c) concrete There are many vaiiatlons in the specification of the 
Gunite in regard to thickness, reinforcement etc. Six inch mesh light li. R. C!. 
reinforcement was used in a few bajs, the thickness of the Gunite was 1 inch 
in some places and \\ inches in others and the mixture was 1 to Ss in the 
greater part of the road and 1 to 4 m the remainder. The surface shows many 
cracks but these are considerably more noticeable in the unreinforced lengtiis 
than in the otliers. One bay was made of a length equivalent to the day's woik 
I e , 2G0 feet long ; in this bay the cracks are more numerous than elsewhere 

As the work was only completed m November last it is too early to arrive 
at any final conclusion. The firm concerned, Messrs. John Fleming A Co. have 
been sufficiently interested by this ox|>enment to cairy out more work in 
Bombay. 


The delegates reached Lucknow in the evening. 



SATURDAY, FEBRUARY 20, 1037. 

(Forenoon). 

The rarly re-assembled at tbo Council Hall, Lucknow at D a. m. and 
proceeded from there in buses to inspect Uio following items around Lucknow. 

(20) . XriLE 8 . 

The mils is surfaced with biick ballast surface painted. The work was 
done in 1931. Bitumen emulsion was u«:cd for the first coat and there have 
been two repaints since that year but the tnilo is standing up well Trior to 1931 
the mile was of water-bound kankar hut this failed to last more than two years 
although the volume of traflic is not more than 700 tons. 

(21) . MILE 5. 

The traffic in this mile was last counted as somewhat over 1000 tons per 
day but the increase of brick kilns has probably nai^wl the tonnage to nearer 
2000 tons. This length of Shcllcrcto was one of scacml experimental lengths 
laid in 1934, the other lengths haaung already Ijcen rcmo\ eel. This Shcllcrcto 
was laid under the supera'ision of the company 

(22) . MILE 3. 

The mile carries about 400 tons of traflic per day much of wliich consists 
of heavily laden bullock carts from the goods shed. The point of interest is the 
concrete side strips with asphaltic concrete lietwcen In 1927 asplmltic concrete 
(Trinidad Refined Asphalt) was laid over the whole width Vor> soon it develop, 
ed luts at the sides and maintenance was heavy. In 1030 the asplialtio con- 
crete w'as removed from one side and cement concrete 6 inches tlnck and 0 feet 
wide was laid for the heavy incoming traffic It will bo seen that under very 
heaxT traffic whicli “tracks” badly this conciete has worn in places, this is 
partly attributed to had drainage and. perhaps, inherent weakness at the joints. 

Another point of interest in this mile is the rough portion whioh was 
passed near the under-bridge. Here the asphaltic concrete on the slope became 
very uneven and in 1934 was dug up and. after breaking up and adding a small 
percentage of asphalt, relaid The surface was improved for some time but it 
has again become very rough and will shortly be leplaced bv stone setts. Stone 
setts are being adopted instead of concrete as bullocks dislike tlio latter on the 
fairly down grade and cndcavoui to get on to a surface which offers more tractive 
resistance. 

(23) . MILE 2. 

The surface of this mile is 3 inch Asphaltic concrete laid in 1926 This 
volume of traffic is about 2000 tons but much of this is concentrated on the 
incoming side. The surface, particularly on this side, is r er>’ rough and frequent 
repairs are necessary. 

LUCKNOW-BENARES ROAD. 

(24) MILE 2. 

This mile is a good csamplo showing the great difference m wear caused to 
a painted ro.rd by (a) rublwr t>red traflic and (h) bullock carts The total 
volume of traflic ou the mile is about 4000 tons i>cr day of winch about 3000 
consUts of motors and rubber t>red tongas and the b.alanco of bullock carts. It 
will bo seen that the side on which laden carts enter tbo town the surface is 



rough and wavy whereas the remainder is in good condition. The road was first 
treated in 1924 and has been six times repainted since then on an average of 
every two years. The strip w’hich earned the heavy bullock cart traffic will 
shortly be replaced by stone. 

(25) . MILE 1 (.MACOHI BHAWAN BOAD). 

This small length of painted brick ballast is of interest as it is the oldest 
example of that type of road in the Province. The brick ballast was consolidated 
in November 1929 and the mile was painted in June 1930 and again in 1934. 
.4part from this repaint the cost of maintenance has been only Es. 264 in the 
seven years. The volume of traffic le over 600 tons. 

(26) . MILE 6. 

This, again, is an example of surface painting which fails under heavy 
bullock cart traffic The original kankar surface was replaced by stone in 1925 
and painted in 1926 with Trinidad Refined .Asphalt. It has been repainted with 
Tar No 2 four times since that date but the condition is never good. The volume 
of tiaffic is about 1,700 tons per day. 



ArrnNDix a. 


BRIEF SPECIFICATIONS. 

FOR ITEMS INSPECTED IN DELHI PROVINCE 


CEMENT CONCni:Tn ROAD 

For the concrete road a Ecction 7 inches: 0 inches 7 inches Ins l>ern 
adopted with a central construction joint and nn expansion joint nt .I.T feet 
intervals. A few* bajs base been construetd of the full wkIiIi \sith Rlrai^ht 
and skew joints. 

Two Ions hajs of the full widtli of cross section hwn been constructed 
with an expansion joint onlj at the end of each d.a> ‘a work llooji iron hexnKonnl 
tings have been introduced inches \>clo\v the Imished nitfac'' It is oxpoclrd 
that fine contraction cracks will occur following tbcfiC hexagons and largo cracks 
will be avoided. Edge reinforcement and M fi dowels have been fpvcn In 
certain slabs. 

Mati:iu.\ls 

Cement:— The cement used is slow sotting rortland coinrnt of H II D brand 
manufactured by Rundi Portland Cement lAd It jiafised tlio followiiiB tonsllo 
tests made by the manufacturers with standard saml — 

Solid <titd Cement Jlatio U to 1 

Alter 3 days ... .. i2MI>s per square inch, 

After 7 days ... . /)17 do 

The cement was supplied iii juto hags and a cortificiilo was furnished by 
the manufacturers showing that each consignment was tested and that it 
conformed in all respects to tho lintish Standard Spocilieation for Portland 
cement. 

The tensile tests made of each consignment on its dulnury at the site of 
work gave the following results — 

liwiya NaJa Sand and CemoU Itatto 3 1 
After 3 days ... .. 311 poiindsporsquaio inch. 

After 7 days . .. 12R do 

The quantity of cement used was 635 pounds per cubic i aid of finished 
concrete. 

'2i INCH PREMIXED COAT WITH HOT SOCONY ASPHALT. 

J/rt/erm/s: — Bitumen Hot Asphalt grade 101 of Standard Vacuum Oil 
Co , with a cut back. 

AoQregaif . — For binder coat, li inch to 1 inch stone metal 

For Wearing coat. * inch to i inch stone grit. 

Prepaiatton cj Base: — This section of the road has been given a coat of 
two inches metal grouted with Colfix Emulsion in the year 1932*33 which soon 
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after laying showed signs of defceiioration and gave way under the weight of 
intensive brick cart traffic which this section carries. It was in such bad order 
as to necessitate complete removal before laying the premised coat. The base, 
after removal of the grouted layer showed many loose spots which were picked 
out. Prior to laying the premixed coat they were carefully 611ed up with 
premixed aggiegato, levelled up and rolled so as to form a hard base. 

Piepa^ntion of Punitx ' — The Asphalt (Socony 101) was heated in a tar 
boiler to and the coiTect quantity at the late of 3 pounds per cubic feet of 

stone metal was diawn off from it into a bucket. To tins was added a cut back 
Socosol, at the rate of 1 ounce to every 1 pound of Asphalt. 

The cut hack was made by mixing Socony Asphalt 105 of 80-100 penetra- 
tion and Kerosene oil. The Asphalt was heated to 250*F in a tar boiler and 
was drawn off into a container in which it was mixed with Kerosene oil in equal 
quantities by volume. 

The aggregate was mixed in locally made drum mixers mounted on a 
wooden frame woik. Each mixing drum had three mixing arms fixed inside 
which prevented the aggregate from sticking together. 

The mixture of Hot Asphalt and Socosol 6 pounds weight was poured 
over the 3 cubic feet of stone metal in the drum which was then rotated by 
two men 150 times, after which the premixed material was taken out and carted 
in wheel-barrows to the site of work. 

Conslmetion : — 

Binder coat . — The premix was evenly spread on the road to an uneompaot- 
ed depth of 2 inches and rolled by a steam roller till no movement took place. 

Wearina coal —Stone clnppings ^ inch to i inch size mixed with fine dust 
tn equal proportions were premixed in the same manner as described above and 
spre.id on the binder course to an uncompacted depth of 1 inch and consolidated. 

Fine stone dust was then spread on the surface and the road opened to 
traffic. 

Cost:— Us. 17*8*0 per hundred square feel 

GROUTING WITH HOT ASPHALTS. 

Before spreading the metal, the road surface is cleaned of all foreign 
matter. The metal used is inch to 3/4 inch gauge, clean, dry and free from 
clay or dust and uniformly spread to the correct depth. The loose metal is half 
an inch more in thickness than the finished coat, t e., for a 2 inch coat metal 
IS spread inch thick 

The old suifaco of the road is fiist picked up and relaid to correct camber 
and grade. The stone metal is not dumped on the road suiface but to ensure 
uniformity of spreading is stacked at the road side Irregularities in spreading 
are carefully looked for and corrected by hand packing. Templates are used at 
short intervals with strings stretched between thorn as a guide. This is all done 
before rolling, as it is difficult later on to correct irregularities and experience 
has shown that unevenness of surface and weak spots are m.ainly duo to uneven 
■'proading \ ton ton roller is used on the dry metal. Rolling is commenced at 
tlio sides and advance towards the centre by snccossivo stages of at least half 
the width of the roller until the surfaoo is uniform and compact. 
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Dnring the winter months bitumen (Moxphalto 30/40) does not penetrate 
into the interstices more than an inch owing to the quick fall in its tempera- 
ture on coming in contact with stone metal This difficulty is ovoicomo by 
'Spreading the metal for n 2 inch coat in two layers of li inch each. Half the 
quantity of bitumen is used in each layer. Kolling is started as soon as the 
second layer has been grouted and the chippings have been spread. 

HOT BITUMEN ASPHALTIC CONCRETE 
{SHELCRETE AND SHELSHEET). 

‘ ; The bituminous materials in this case were Mexphalte 20/30 penetration 
and ‘'Sbelmac" a "cut back” made by the Shell Company with bitumen and 
Solar oil. A “cut back” of this type is relatively simple to manipulate and 
• easy to work. It needs only slight heating and the mixed aggregate can be 
-laid either cold or hot immediately or be stored. If after some time it gets bard, 
it can be softened by the addition of a little Solar oil. 

The grading of the aggregate was varied according to the thickness of the 
coat. For 1 inch SheUheet the stone was of f inch to i inch gauge and for 
thicknesses of 2 and 2^ inch of inch to 4 inch gauge. Sand containing 9 per 
cent coarse ( — 2 mm-f- 6 mm), 80 per cent medium (— 6 mm-f 0’2 mm), 6 per cent 
fine (*-0.3 mm-h*085 mm), and 5 per cent dust (— 095 mm) was used. In damp 
or cold weather the sand was heated to about llO'^F on iron sheets six inches 
above ground level with a fire underneath. 

For a 2| inch finished coat (shclcrete) batches of 3 cubic feet of stone metal 
of inch to i inch gauge and l^cubic feet sand were used with 22^ pounds of the 
mixture of Mexphalte and Shelmac. The surface of the road was first brought 
to the proper camber and grade and all potholes were filled in stone metal coated 
with bitumen without sand being found very satisfactory for this. 

2| inch thick Shelcrete was laid for heavy cart traffic, and 1 inch Shel- 
sheet for lighter traffic. No expenditure has been incurred m the maintenance 
of the shelcrete but some patchiog has been necessary with the Shelsheet. 

SPECIFXOATION FOR 2j INCHES TRINIMAC. 

^^alerial : — Trinimac Asphalt cement is prepared by mixing Trinidad Lake 
Asphalt and flux oil by taking 80 parts of the former and 20 of the latter. The 
flux oil is a residual product of Petroleum distillation and should have a flash 
point of 400°F. 

To prepare the Asphalt cement, the Lake Asphalt is heated in a tar boiler 
to a temperature of 250°F and the (lux oil is gradually added, the contents being 
thoroughly stirred so as to ensure complete incorporation of the asphalt with 
the dux oil. 

J' 7 jrci 7 afe; — For binder course 2 inches to J inch. 

Wearing surface J inch to dost. 

Oenerat Rcmarl. — This section of the road was treated with Premixed course 
of Socony Emulsion varying from I inch to d inches in thickness. The surface, 
however, soon after that treatment disintegrated and it became necessary to 
remove it completely before laying the Trinimac. 

Consfnicfion:— • 

Binder Course . — The Trinimac Asphalt cement prepared as above was 
healed to a temperature of 350^F in a tar boiler, and drawn off into a bucket 


\ 
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'and mhod with ageregate in a rotary mixer, the stone aggregate being at atmos- 
pheric temperature. 

4.8 pounds of Asphalt cement asoro required per cubic foot of stone 
aggregate to completely coat every particle of it. As soon as mixing was 
comploto tlio Triniinac was t.akcn out of the mixer and carried to the site 
of work, where it was slacked and used cold. It was evenly spread on the pre- 
pared base to an uncompleted thickness of 2^ inches. It was then rolled 
to complete consolidation with a steam road roller. 

Wealing Sitrjnc &\ — The projMjrtion of aggregate to asphalt cement was the 
same as in the lender CourKo The wealing surfaco was spread immediately 
after the consolidation of tlio hinder couiso aud was rolled to final consolidation. 
The total ronipaclod tliickncss of the two courses was 2i inches. The finished 
surface was then dusted o\or with stone dust and a final rolling given before 
opening the road to traffic. 

Cost Rs. 22-4 per 100 sq. ft. 


Saturday, February 20, 1D37. 

(afternoon) 

The delegates assembled at tho Council Hal), Lucknow, to witness the 
following demonstrations which had been aTtangcd there 

(1) Solcx Governor Carhurctar arranged by Messrs. Kano Limited, 

(^) Avery Portable Wheel Weighing Machine arranged by Messrs. W, A T. 
Aiery Limitod, Calcutta, and 

(^) Bullock carts arranged by tho Local Public Works Department. 


Monday, Febroary 22, 1037. 
(afternoon) 


Tho Council entertained nl] dcUgalcs and their families and certain local 
ni«.tinguished guests at a tea party given at the Sluuicipal IJnll, Lucknow, at 
4 p m. 
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APPENDIX II. 

Indian Eoads Congress Standard Specification and Codes of Practice 
FOR Road Bridges in India 


The following con esi^ondencc and notes (ire published in oidei lo piovide 
an annvei tchich can easily be le/ened to when eiiticism^ of the “Indian Hoads 
Congicss Slandaid specification and Codes of Piaeliccfor lioad Budges in India" 
crop up Mr W.A. liadices notes will explain the geneial basts on which the 
above named publication has been diawn up. ^ 

Letter from Mr. Radico of tho Braifchwaita Burn and Jessop Con- 
struction Company, Limited, Calcutta, dated the 20tli July 1936, to the Secretary, 
Indian Ro-ads Congress. 

Proposed Standard Indian Road Bridge Specification 

1 have tho honour to focwaid horowith . — 

(a) Noto on Standard Loadings and impact. 

(b) The proposed Standard Indian Road bridge specification ( Published as 
a separate publication called "Indian Roads Congiess Standard Specification and 
Codes of Practico for Road Bridges m India). 

The noto describes tho considerations which have led mo in my choice of 
tbo standard loadings and impact factor put for^^ard in the proposed standard 
spocificatioD. 

2 Mr. \V. J. Turnbull of tho Concicto Association of India has contribut- 
ed Section D of tho proposed standard 8i>ccifieation dealing with Reinforced 
Concteto Bridges. This is based on the Indian Railway Standard Code of 
Practico for Reinforced Concrete. Construction adopted in 1936 which, in its 
turn, is largely based on the Code of Practice for tbo Use of Roinforced Cencreke 
in Buildings published by the (Imperial) Department of Scientific and Industrial 
Research. 

3. Tho noto on standard loadings and impact and the whole of sections A 

and B of tho proposed standard specification (General and Loads and Stresses 
• " ' - . - P _ _ . . D-^Roinfoiced 

my letter No A/729 of 

: * . ' .. . ' f the 7th July 1936 and 

its enclosures (reproduced below). 

4. Mr. W. J. Turnbull, whilst assenting to tho proposed standard loadings 
without qualification, desires to put before tho Main Committee (Bridge Loading 
and Permissible Stresses Sub-Committeo of tho Indian Roads Congress) my note 
as it stands but accompanied by certain references indicating that the impact 
factor for certain types of reinfoiced concrete road bridges might be lower than 
the impact factor adopted for steel bridges. 

5. .After the main conclusions put forward in ray note on standard 
loadings and impact had been arrived at I recened your letter No C So dated 
tho 26th May 1936 which, amongst other very \aluable information, also 
supplied mo with-tlio opinions of Chief Engineers etc, on the proposals for 
standard bridge loadings made bv tho Road Engineer in his letter No. C 21 
dated 14tb May 1932. 
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, 6. As I desire to comment on expressions of opinion referred to in 

paragraphs 4 and 5 above, I have also appended to this letter a Supplementary 
Note (reproduced below) on Standard loadings and Impact for the consideration 
of'the liiidge Loading and Permissible Stresses Sub-Committee of the Indian 
Boads Congress. 

7. It only remains to deal with Mr W. J. Turnbull’s reference to the 
weight of reinforced concrete made m his letter No. E/47/11031 of the 7th July 
1936 where he considers that the weight of a cubic foot of leinforced concrete, 
as generally accepted, is loO pounds and not 160 pounds as given in Clauses B 3 
and D 15 of the proposed standard specification. This is a matter which comes 
•under Mr. Turnbull’s terms of reference and therefore my lemarks are as from 
the draughtsman of the B section of the proposed standard specification The 
weight of 160 pounds for one cubic foot of reinforced concrete is given in Clausa 
15 of Section V of the copy of the Indian Railway Standard Code of Practice for 
Reinforced Concrete Construction for\varded to me by Mr. Turnbull himself and 
of which Section D of the proposed standard specification is an exact copy. 

8. On behalf of ilr Turnbull and of myself the above papers etc., are 
foi warded to you in discharge of the duties laid upon us by the Council of the 
Congress by their resolution recorded under No 6 of the minutes of the meeting 
of the Council of the Indian Roads Congress held at Bangalme on the 11th 
January, 1036. 


Note OQ Standard Loadings and Impact. 

bf/ Mr. W. A. liadtce. 

Historical.— In 1931 the Committee of Chief Engineers of the Road 
Conference considered the question of standard loadings for road bridges and 
they came to the following conclusions — 

1. That there is really only one general road classification viz. roads 
which at present cairj', or may in course of time be expected to 
carr>’ motor transjiort. The exceptions being;— 

(<i) special localities such as industrial areas 
(5) other localities where motor transport can never bo expected 
to run. 

3 That bridges should bo designed on the basis of 10 foot lanes and 
that tlie general standard away from towns (in which wider 
bndges are frequently required) IS a bridge with a clear width of 
20 feet. 

3. That tlio loading should bo 12 B E.S.A. units for span up to 
100 foct decreasing to 8 units uniformly for spans from 100 to 
300 feet. 

•1. That no impact need be added for main girders. 

This report was considered hy the Railway Bridge Standards Committee 
tn March 1932 and tiicy made the following recommendations to the Railway 
Board : — 

"Tlio opinion of the Coiumittco is that a suitable impact allowance Is 
nrcessir> and this is also the opinion of Mr. K.G. ^litchcll, Consulting Engineer 
to the Gosemment of India. (Uo.ids). 
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The Committeo ilo not sco thoir way to difFcrontiate between classes ol 
road bridges such as steel, timber, masomy and reinforced concrete They have 
carefully consideicd the cvidcuco available and particularly the Conference 
Specification for Highway Bridges compiled by a Conference Coniinitteo com- 
posed of leprcsentatucs of tho Anieiican Assocutioii of State Highway officials 
and the American Railway’ Engineering Association. to i 

This specification gives tho iinjiact (actor : — 


where L“the length in feet of tho portion of tho span which is loaded to 
produce the maximum stress in the member considered. Tins formula gives a 
maximum of 40 per cent of zero span, 23 per cent m 100 feet and about 11 
per cent on a 300 feet span. 


Tho Committee agree to this allowance for spans of 100 feet and over, but 
consider it is too low for 8|uns below 100 feet tbo reason being (which is shared 
by Mr. Mitchell) that the average conditions of road surfaces in India w’arrant 
a slightly higher value for short spans. 


The requirements can suitably be met by adopting for all spans the impact 
formula 


T-ix _G5_ 


previously recommended by tho Committee, but subject to a maximum value of 
00 per cent. 

As a corollary to o«r recommendations we recommend tho adoption generally 
of the classification for standard loadings gneu m Appendix V to the Proceedings 
of the Road Conference and its Committees (ludia), biiefly as follows — 

Class A for special localities and mdustiial aicas 
„ B for general cases of all i*oads 
„ C for light traffic 

with tho following specifications for each class — 

Class A ' — The Standard adopted should he to suit local conditions. 

Class D — For spans or loaded lengths up to hO feet — 10 units of B.E S A. 
Road loading For 6])aus or loaded lengths exceeding 80 feet 
a reduction is proposed in the number of units of B E. S A. 
loading to bo taken to provide for the lower average weight of 
% eludes on tho longer spans A sliding scale of units to be adopted 
from 10 at 80 feet to G at 300 feet is jiroposed, these loadings in all 
cases to be increased for impact as specified This proposal for a 
sliding scale, it may be noted, is m conformity with tho latest 
Ministry of Transport pro|tosals and tho American highway 
standards and is also forecasted m the Road Conference proceedings 
previously referred to 

elites C For spans or loaded lengths up to 80 feet — 7 units of B.E S..\. 
loiding. For spans or loaded lengths exceeding 80 feet a slidiiig 
scale of units from 7 .it 80 feet to 0 at 300 feet. 



For all c.'i'sos oiie lino ol traffic is assnmcd to occuiiy a 10 foot wicith ot 
bridge It may Iw noted that provided a vehicle moves at a speed not exceed- 
ing 3 miles per liour, its impact effect can bo neglected, the maximum permissi- 
ble axle load can be increased by 50 per cent under our proposal. 

Cases o{ special t\T*es of bridges such as a Suspension, Cantilever etc. 
should be considered on their individual merits” 

The orders passed hy the Railway Board on these recommendations are 
as follows : — 

(al ” The Committee mate 3 principal recommendations viz: — High- 
way impact allowances on bndges of timber, steel and stone 
should be indcntical This is accepted by the Board Although 
the impact allowance on masonn* arch bridges might be dis- 
regarded altogether, as recommended by the Indian Road Con- 
ference, the stresses due to the live load itself are relatively so 
small that it becomes immaterial whether impact allowances are 
added or itct. It will be justifiable therefore to adheie to the 
same factor throughout. 

(fO An impact for spans between 5 feet and 300 feel. The enrre follows 
closely the .American curve with an increase, in the case of spans 
of about 60 feet and under The curve falls between the Ministry 
of Transport 193 1 curre and the .American curve and gives a factor 
about 30 percent less than did the curve in 13 (9) of the l926Rule«, 
Ko direct exjicnmcntal data have been produced in support of 
this proposal but it is rccognieed that the collection of useful data 
IS a matter of considerable diOiculty on account of the fortuitous 
nature of the factors giving rise to road impact. The curve as 
now proposed is accepted subject to future modification which 
may be found necessary to differentiate between high speed 
vehicles on solid or pneumatic tyres. 

(c) An equiv.alcnt loading curve for general and trunk roads for spans 
between 5 feet and 300 feet including the imp.act allow.ance 5 
proposed above. 

The curve on short spans corresponds to 10 units B.E S.A; load- 
ing with no additional knife edge load. Tliis loading* curve is 
about 30 per cent heavier than tint proposed hy the Indian Road 
Committee on spins Wlow about 30 feet but approximates to it 
cn “pans above 30 feet and is nowhere appreciahly below it. The 
propo-ed Class B loading is accepted subject to possible future 
modification in the permissible axle loadirg which may be found 
justifiable to diffcrenti-ate between solid and pneumatic tyres." 

In addition the Railway Bndgc Rules were modified, chiefly as regards 
the design of main gliders of combined rail and ro.ad bridge' As this tape of 
Lndge would alw.ays be constructed under the control of the Railway .adminis- 
tration the«e provisions have not been taken into con'ider.atioa here. 

The views of r.ailw.ay Engineers and the Railway Board are particularly 
Worthy cl consideration I'ccau'e the Railway Board m.aintain' a body of 
Inspectors whose duty is to ensure the safety of all bridges Any bridge falling 
below the standard »-el bj the Rules pa'sei and accepted by the Railway Board 
is scrapped In passing their Rules therefore the Railway Board are influenced 
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by a due regard to economy and to the costly nature of adopting rules setting 
up an unnecessarily high rtandaid. 

Tlie most prominent outcome of » study of tho history of the proposals 
for standard loadings for load bridges is that the investigations hitherto have 
centred on selecting one or another flxed or variable number of British Engineer- 
ing Standard Association units. The adequacy or otherwise of the B. B. S. A. 
Unit loading in respect of Indian Road tralBc has not, apparently, been taken in 
consideration. 

It has been tho object of the present investigation to repair this apparent 
omission, not so much with a view to settiug up new standards but rather with 
a view of investigating actual prevailing conditions, the existence of any and the 
extent of limiting factors preventing increases of existing loadings, the strength 
and resistence of road surfaces and the average and maxima load intensities per 
lineal foot of loaded roadway that the common run of goods carried, width of 
vehicles, loading and unloading times and other similar practical considerations 
have developed in actual practice under the stress of commercial competition 

This investigation has comprised • — 

1. A study of the various motor vehicle rules adopted by the various 
provinces under the Indian Motor Vehicles Act 1924. 

2. An exhaustive analysis of existing motor vehicles of all kinds as 
actually made and used. 

3. The observation of actual motor vehicle traffic and the main factors 
governing the managemeut of its operation 

4. A study of the strength of road foundations. 

PROVINCIAL MOTOR VEHICLES ROLES 

Practically every province lays down that the heaviest vehicle shall not 
exceed 12 tons, that is heaviest axle shall not weigh more than 8 tons and that 
the heaviest axle weight of a trailer shall not exceed 4 tons. 

In addition, the speed of such a vehicle, e\en if shod with pneumatic or 
solid rubber tyres, is limited to 7 miles per hour with a relaxation for maxima G 
tons axle weights of 12 miles per hour 

The number of trailers is limited to 3 or alternatively to a total length of 
coupled vehicles of 75 feet. 

The exceptions are — 

Madras. Nil. 

Bengal. Only one trailer 

Calcutta Whilst conforming, envisages the use of a superimposed trailer and of 
& SIX wheelers allowing a total laden weight of IG tons to such vehicles 

Howrah, with 12 tons on the two rear axles 6 ton axles are limited to 6 miles 

per hour 

Bihar & 7.5 tons total laden weight, 5 ton axles • only two trailers with 2j 

Orissa. ton axles Speed 8 miles per hour 

Punjab. Trailers 5 tons, local authority vehicles can weigh 1C tons, heavy 
motor vehicles restricted to mam roads. 
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United As lor Punjnb. 

Provinces. 

Pombay. Permits all tons traction engino vritb 3 trailers. 

The«o rules have obviously not been drafted from tlio point ol vicAV of tbo 
design of bridges \\bcrQ tbo spacing of axles is all impoitant, since frequently 
maxima axle spaciugs are imposed instead of minima. Tlie objects in view seem 
to 1)0 the general safely of ibo imblic and roadside property and the preventicju of 
tbe destruction of tbo roads tbemselves. 

Since these rules can be altered by a strobe of tlie pen and since important 
vari.ations exist already in different provnnees tbc> cannot foim a firm basis for 
selecting a standard loading for bridges they do, however, give a clear indication 
of the loads and speeds which are considered permissible .and safe. 

EXISTING VEHICLES. 

Tbo most important consideration to a biidgc designer is not only vhnt 
the maxima axle lo.xds are bkol> to l»o but their spacing, in other words the 
length density of the load. 

Hero proctic.rl considerations are pammount. It is impossible to pile np 
lo.ads on moving vehicles of .a fixed «i<hh (7 feet fi inclics) indefinitely— in cfTcct 
heights of vehicles arc limited to lii (oct. often less. The lo.ided platfonns of 
Ionics and Inxilcrs h.wo al^o defmilo limitations — both nilo and also b> 

praclicvxl considerations. ,\nothor factor is that commercial lorries like c.xrgo 
vessels and r.xilw.tj goods wagons mu«t l>c made to take loads of avomgo 
sixecific graMtj 

It was thought that the liest means of collecting reliable data was to study 
modem motor lorry practice as it seems reasonable to assume that the makers 
of these vehicles, exposed to competition, would concentrate their designing 
efforts on the production of \ chicles which would bo money camers for their 
owners. 

Having come to tins conclusion, it .also bcc.aino apparent that the informa- 
tion required was the average Indcn weight of commercial motor vehicles per 
foot of their overall length and the spacing of vehicles when moving and when 
standing still, coupled and in convoy 

.\fter an exlianstivo analysis of all loincs m.ado in all countries of the 
world, remarkably uniform re^ulls were obtained The results gnen below 
ara not based on a\cmge. hut are averaves of the upper third of tlio figures 
obtained the best selling tyj'cs being given woightage 


Typfs olxfhiclfs, j 

Laden weight 
per foot of length 

Loan cajmeny per 

1 toot ol loadf'd 

I'lalforms. 

1 lleaVie'.V mile. 

10 to 12 ton 4 wbeclers ' 


52 T 


.43 T 

1 

S50 T 

li to IG ton G wheelers ' 


.53 T 

s 

•52 T 

1 

7 2j T 

21 to 2d ton S wheelers ‘ 


.73 T 

j 

.82 T 

1 

8 00 T 
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Obsemtion of Traffic. 

As regards tho Rjiacing of vehicles extensive olisoi'v.ations have been made 
of actual road conditions, tho drivers being Indians. Tlio result is that for 
coupled vehicles the distance beUveen vehicles is about 4 (cot when moving the 
average distance bctn-ccn vehicles \\as found to bo always more than 20 feet 
(see remarks under "SrEnD”) e\en in convoys of military lorries whore the 
drivers are trained to keep close. When drawn up at stopping places, the 
distance apart uas found to 1)0 five feet or more except in garages and parking 
places. This is, no doubt, owing to the height of the bonnet which makes the 
driver think ho is closer to objects ahead of him than he actually is. 

Speed observations were also made but tho results are not very reliable 
owing to the extreme paucity of vehicles anywhere approaching tho maxima 
weights given. There is no doubt that nearly 98 per cent of the motor vehicles 
at present in use do not exceed G ton total laden weight and even whenever, 
loaded (whicii they verj* frequently ate) cannot weigh much more than G6 par 
cent of tho loadings under consideration. Subject to this proviso, there is no 
doubt that Ibo speed limits given in tlie provincial motor rules are persistently 
and universally ignored. Except on gradients, oven the heaviest laden lorries 
with trailer travel at speeds lietwecn 15 and 23 miles per hour. 

The comparative lightness of the motor vehicles now in geneial use should 
not have too great an influence on the decision. There is no doubt, from 
Makers lists, that 12 ton four-wheclou and IG ton C'wheelers are being made 
and sold in quantities in other countries and it would be a mistake to omit them 
from consideration Thcte is ample evidence indicating that at present lorry 
owners, in choosing the typo of lorrj' to use, aie influenced by factors liable to 
change" These are : — 

1. Low wages of drivers, 

2. Low standard of maintenance, 

3. High cost ol fuel and lubricants, • 

4. High import duties on vcliicles, tyies and spares, 

5. Short loads, 

G. Quick turn rounds 

7. Limited capitals (small owneis) 

All these conditions militate against the general use of the heavier types but 
these t>pes are available, are economical andai'e increasing in numbers in other 
countries. Theie is also a tendency to^vards tho adoption of Diesel Engines 
which will lower costs , tho gradual linpcoiement of the suifacing of Indian 
roads will tend to stimulate long distance traffic requiring larger organisations 
commanding greater resources, tho existing crushing import duties are likely to 
decrease. All these causes seem to make it necessary to accept tho probability 
that weights of Vehicles will increase o>er the average weight of the vehicles 
now m general u<o 

There is also another important factor on which reliable evidence is avail, 
able It is tho considered opinion of motor vehicles manufacturers that axles of 
more than 8 ton capacity can be ruled out. There is a host of practical reasons 
for this, such as cost of Ijres, strength of wheels, bearings and springs as Well 
ns of ebasris design that militate against it It is also extremely difficult to 
design an economical 12 ton lorry on 4 wheels and the whole tendency is to go 
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for more axles and medium axle loads, because until the road systems of all 
countiies have developed very considerably, heavy axles loads stiictly limit the 
ubiquity of the vehicle and lead to trouble in bad weather and on inferior roads. 

The only other combination that has to be considered in regard to maxima 
axle loads is the tx’actor or traction engine followed by a tram of ti*ailers. A 
general survey of the world position is that this type of road transport only 
survives in appreciable quantity in the United Kingdom and is decreasing even 
there, except for caravans, fairs and agricultural plant For ordinary goods road 
traffic trains can only be used economically if there are large transport organisa- 
tions carrying out long distance haulage contracts, otherwise the diversity and 
small size of consignments militate against voluntary acceptance of the main 
disabilities of railways and the surrender of the very qualities of rapid home 
delivery and collection which are enjoyed by and give advantage to road 
transport. The tendency now is to develop the caterpillar type of tractor for 
woik off the roads, the load tractois being used only for veir special loads 
cairied generally on one tiailer only of special construction. The idea of loading 
up the driven axle with the weight of propelling macbmeiy instead of pay load 
IS uneconomical and could only be generally accepted if extremely long trains of 
trailers become attractive The weight of evidence is against this being a likely 
possibility. 

Strength of Boad Foundations. 

This subject has an important bearing on the problem as even if the 
considerations outlmed above be ignored and the assumption is made that the 
axle loads of road vehicles, like those of locomotives, will increase consistently 
over a large number of years, the strength of loads, either as they exist or as 
they can be made must obviously bo an unavoidable limiting factor. 

This conclusion leads to the consideration of the’ standard of Indian roads, 
as they are and as they are likely to be. 

As the Chief Engineers stated m their repoit, outside cities or industrial , 
areas, there can be only one standard of loading (no matter what the present 
conditions of any one road ma> be) and that standard of loading, as far as 
bridges are concerned, must logically be common to all roads where gradients, 
mountains and the like do not preient the use of motor vehicles. 

If this, the most logical, conclusion he accepted, it seems inevitable to 
conclude that the standard of road construction must also be the metalled road 
on rubble soling It is inconceivable that strong reinforced concrete roads or 
then equivalent will be so common as to make it necessary to accept them as 
the standard of Indian road construction rather than as belonging to the special 
classification of the city or industrial area standard This conclusion is streng- 
thened by the fact that this is the case throughout the world if we except some 
verj' small areas of tlio United Kingdom and some special motor roads in the 
USA. and Italy. Everywhere else the strong concrete road is a city or indus- 
trial area standard and likely to remain so for very many years to come. 

Tlio question therefore comes down to this — nhat is the greatest axle 
load nhicli a metalled road with rublilo soling can stand and keep the cost of 
maintenance within the limits of yearly maintenance budgets ? 

Witliout experimental data of our own, the answer may well be sought in 
the maxima axle loads adopted by the manufactiirers of lieavy motor veliicles 
for the types most in demand. By these means we are really making a referen- 
dum of the motor transport owners and operators and of the Eoad Authorities 
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throughout tho wovlil. K it l )0 accepted that this is tho best source from ^%’hich 
to seek our answei, thei-o is no ambiguity iutlio leply. 

Tho tjpical lonies Nos. 1 ami 2 Mionu in ptato No. 1 repiosent a four 
wheeler and a six wheeler which aro tjpical of tho heaviest typo of vehicle 
which sells readily all over tho world. Theio nro very few types which impose 
more severe loadings, some owing to one particular, some owing to others, but 
even if such vehicles should como into moderately geneial uso, it is not unreason- 
able to assume that strings of theso types would not cover both tracks of a 
bridge. Tliere is also the safeguaid that if vehicles are passed over a bridge at 
3 or 4 miles pet hour an overload of 50 per cent is peimissiWo. 

Comparison with B. £ S. A. Unit loading. 

A glance at plate No 1 reveals tho essential diffeionces between these 
practically evolved standanl types and the BKSA unit lo.ading. The latter 
only allows 10 feet between tho leading axle of one train and the last axle of a 
preceding train, a condition quite unattainable iii piactico when tho trains aie in 
motion at speeds pioducing imp.\ct. Tho wheel liasc of tho tractor and the 
spacing between the driving axle and tho first axle of tho trailer aro also smaller 
than what obtains in actual practice. Ag.iinst this, the B.E S A. unit loading 
trailers are pioportionally lighter than the traileis m general use. 

The effect of these differences is that the uso of the B E S A. unit loading 
penalires all the most commonly used spans, say up to 100 feet, and is too 
light on the longer spans, if the 4 ton axle lo.ad for traileis and the three trailer 
plus lony train contemplated in the provincial motoi vehicle rules be accepted, 

The Proposed Standard 


Maximum bending moments at the centre of span liavo been calculated and 
equivalent uniformly distributed lo.ads for the maximum of tho following loadings 
have been plotted on pUte No 2. 


1. Tor a series of standaixl type 
2 
3 . 

4 

0 . ” 


I wheelers. 

„ followed by one trailer. 

,. followed liy two trailers. 

C wheelers 

„ followed by one trailer, 

follow ed by’ two trailers. 


It was found Hint case No. G gnes the lulmg oi greatest bending moments 
except for very shoit spans where the 8 ton axlo of tlio 4 wheeler has a greater 
effect The curve for the stanclanl 6 wheeler with 3 trailers has not been shown 
liecauso tins gives a length of tram exceeding 75 feet which is barred by the 
Rules. 

Trom these curves au eveloping Curve was deducted and is shown as tlie 
red ‘Indian StandawV cui\e. 


It can ho defined as a constant unifoim lo.id of 0 34 tons per 1 foot of each 
traffic lane plus a knife edge load of 6 tons for computing Lending moments, or of 
9 tons for computing shears with the limitation that for computing liending 
moments tho total distrihutoil lo.\d on spans of 20 feet and under shall never be 
less than G 8 tons ivr lane of traffic over the whole span. 

This description disi>enses with the use of tables, can bo readily memorised 
(ind is simple and bandy for the computor. 
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In plato No. 3 the contra! Bonding Moments due to this standai-d plus the 
impact increment iccommonded hereafter, has boon plotted together witli tlio 
hriclgo loadings adopted by the various provinces of India plus the impact incie- 
ments that have been laid down. 

The Indian Heavy Standard. 

Having discovered an easy way of computing bending moment cm*ves it 
was thought desirable to extend tho consideration of practical loadings to the 
maxima loadings probable in industrial aioas and big towns, which tho Chief 
Engineers and tho Railway Board left undofmed. 

Tho investigations into the types of motor vehicles actually made and sold 
in quantities indicated that the choice u as not so indetoiminato as would 
appear at first glance. Reference has already been made to tho well 
ostabliabcd tendency to incicaso tho cap.acity of motor vehicles not by increasing 
tho axle loads (as is envisaged in tho B.E S A. loadings) but rather by incioasing 
the number of axles and the length of tho vehicles. Tlio piactical reasons for 
this tendency have been given above and need not bo repeated hero but their 
cogency is indisputable. 

It has therefore appeared feasible to pi'oduco a typo loading for the heaviest 
motor voliicles whicli can bo or avo likely to bo produced, • It cannot bo said 
that vehicles of higher carrying capacities cannot ho produced or will not bo pro- 
duced. They undoubtedly can. But tho point is that, in accordance with all 
tho ovidonco. such increases can only bo obtained by increasing tho numheis of 
axles not by increasing tho a\!o roads So long as development of carrying 
capacity follows these linos, the capacity of bridges will not bo matoilally affected 
as it IS of mdiffcronco to tho bridge designer wbetbor a series of a\lo loads aro 
those of a lorry or those of a trailer Tboinipoitant thing is that the maximum 
longitudinal density of loading which can practically bo obtained witli 8 ton axle 
loads bo ascertained. 

It is on tliose principles that tho heavy loading typo vehicle shown on tlio 
plate has been constructed representing an 8 wheeler witli 8 ton axle loads 
followed by trailers with Gj ton axle loads. 

Tboro 18 amplo evidence that a bridge designed to cany a series of such 
loads will cany any typo of road motor vohiclo which it is commoicially possible 
to build. 

Tliis loading can bo defined ns a constant uniform load of 0.58 tons per 
lineal foot of each traffic lano plus a knife edge load of 7 tons for comjnitmg 
Bending Moments, or of 10 tons foi computing shears, with tlio limitation that 
for computing bending moments the total distiihuted lo,\d on spans of 20 feet 
and under slinll never ho less than 11 G tons per lano of ti-allic o\er tlio wliole 
sp.in. 

Exceptions 

In defining tho lo.uhngs of tho new Howrah Bridge the Mookorjeo Rcpoit 
envisaged a 50 ton boiler truck. In considering tbo design tlio Conaultmg 
Engineers found it unuccossary to depart from this suggestion ns, on the wide 
carriageway in quoslion, the onliiiar>* loadings on the G tmflic lanes provided 
protlucetl a greater effect than n 60 ton iioilcr truck if iiassed over the budge on 
the traffic lanes nearest to the main trasses and wben there is no other traffic. 

In considering standard lo-idings for Indian road bridges it has not scorned 
advisable to I'cnaliro tho whole road dovolopment of the country by attempting 
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to cater for such Special and exceptional loads. It has been thought preferable 
to select a reasonable heavy standard and extend its application to all areas 
within municipal limits, notified areas, industrial areas and particular main 
roads where the nature of the traffic is such that strong reinforced concrete 
foundations have been provided or arc likely to bo provided. 

This appears logical In addition to the heavier burdens and special 
freight loads likely in industrial areas, municipal vehicles, sanitary, fiio fighting 
and street watering, show a tendency to bo more ponderous than ordinary long 
distance traffic vehicles. It is also undeniable that road traffic composed of the 
type vehicles of the Indian heavy standard, i{ ac all dense, would destroy the 
best metalled road on rubble soling in a very short time and that a solid concrete 
foundation is an essential concomitant to their circulation. 

Impact Factor 

This question has been given very careful consideration by the Railway 
Board and all their very qualified advisors who have, for somo yeais, now been 
conducting careful impact experiments on railway bridges. The result of their 
labours can be studied in the annual reports of tbo Bridge Standards Committeo 
and reveal a record of extremely interesting rcsearcli and piovido a mass of 
valuable information. It is true that railway impact oilocts are not on nil 
fours with road vehicle impact effects but they have a good deal in common. 

Tho railway impact effect has been analysed to consist of — 

!• Hammer blows, consisting of tbo otTocts duo to 
fa) over balance of revolving parts, 

(6) the acceleration and deceleration of tho reciprocating par 
acting through an iociioed connecting rod, ■ 

(c) the steam forco on the piston 
2 Lurching. 

3. Tiack irregularities. 

4. Speed of application of live load. 

All the effects in Item 1 have been cniculatod and verified practically. 
Extensive tests on spring deflections of locomotives have been carried out to 
measure the lurch and by subtracting these factors from tho total impact effects 
an approximation to tho effect of rail joints has been obtained 

These results are far in advance of anything done in other countries and 
It would Seem reasonable to accept tho views of the men who have themseKcs 

_j ..... . L \ bridge 

^ t their own 

‘ 1 experience 

of the Railway Bridge Engineers especially ns regards recording apparatus and 
methods of carrying out test will be found especially valuable and will save 
considerable preUminary work and exj>ense 

Another factor is that the demand for tho replacement of le\el crossings 
by overbridge IS likely to increase and it would be illogical to ha>o two sots 
of standards, one for road bridges over Railway 3 and another for road bridges 
over tners. 

Failing a research into impact clTcetv on road bridges by the Ro.vd Engl* 
neers in India on tho results of which a rational impact formula could bo 



^he question of impact introduces a time factor which in turn inevitably 
involves the mass or inertia of the structure subjected to it. For this reason, 
and owing to the molecular structure of concrete itself, 'vibratory stresses are 
less in a concrete bridge than in a steel structure of the same strength The 
-speed of the vehicle causing impact is also obviously of the greatest importance, 
and, while lighter and faster vehicles may cause higher impact stresses,, the 
standard loading in question must ahvays be of comparatively low speed and 
the percentage increase therefore lelatively smaU 

Furthermoie, the proximity of a member under investigation to the point 
of load application is important as regards the effect of impact upon the stresses 
produced in the member The method adopted by the Mmistiy of Transport 
of increasing the static load by 50 jier cent, results in this increased load being 
applied to all members comprising a budge of any type, and consequently some 
of the members remote from the load are designed to resist impact stresses 
•which cannot conceivably affect them The Continental method of specifjdng 
a decreased permissible woiking stress varjung in amount according to the 
proximity o( the members to the load is consitlered by many responsible engineers 
to be the most ofiicient and proper method of dealing with impact stiesses. 

It should be noted that in some small bridges an impact allowance of 50 
per cent, may bo, if anything, on tho low side, especially for bridges of the girder 
type Beinfoiced concieto slabs. i( properly designed, possess icmarkablo resis- 
tance to loading of all kinds, and it is for tho beam members of such bridges that 
care should be taken with regard to impact stresses. 


(Extract fiom Eeinforced Concrete Bridges— by W. L. Scott— Page 9.) 


H, A Comparison between Reinforced Concrete and Steel from the Point of ' 
View of Bridge Dynamics. 

Tho dead weight of a reinforced concrete bridge is usually considerably 
higher than that of a steel structure of equal canying capacity; consequently the 
live load produces a much smaller increase of stress m the reinforced concreto 
structure. The Author discusses the dynamical effect of the passage of tho 
live load across a bridge, under tho following heads . — 

(1) The Zimmerman effect, produced by tho centrifugal force developed 
by tho live load an account of tho curvature of its trajectory when jiassing over 
the deflected lino of the bridge , this can bo avoided by giving the structure a 
proper camber. The Author states that the increase of stress duo to this effect 
in a reinforced concrete bridge would be about three-quarters of that for a steel 
bridge. (2) Tho Timoshenko effect, or the magnifleation of the load produced 
by the shocklcss oscillations of tho bridge generated by the passage of the load: 
this depends upon the frequency of vibration of the structure, the frequency of 
reinforced concreto being about 63 per cent. Higher than that of steel. 
According to to tho Author’s calculation, the increase of stress in a reinforced 
concrcat bridge duo to tho Timoshenko effect would bo about 15 per cent, loss 
than m a steel structure (3) Direct shock produced by tho Impact of a load 
falling on to tho structure, eg a wheel at an open rail-joint. In this caso tho 
stresses m reinforced concreto are greater than in stool when tfio span is loss 
than 33 8 foot, for longer spans tho reinforced concrete stresses are tho smaller. 



(4) Hammer-blow caused by the offoct of unbalanced rotating masses on a 
vehicle. The Author states that the stresses in n reinforced concrete bridge duo 
to hammer-blow are 89 per cent of those in the corresponding steel bridge. 
He concludes that for medium-span and long-span bridges a lower impact 
'allowance should be made when reinforced concroto is used, but that for spans 
of less than 32 8 feet exposed to shock loading, a larger impact allowance is 
required. R. Tillmann. (Ost. Ing. Arch. Vor, 81,420-424). — 


(Extract from Engineering Abstracts, Now Series No. 43. April, 1930). 


Ill The Adolphe Bridge over the PertrusBe Valley, Luxemburg. 

The Author describes tests raado with deflcctometors, extensometors, 
seismographs, and other apparatus on tho Adolpho bridge — a masonry arch of 
82.2 metros (269.7 feet) span and 21.83 metres (71 G feet) rise — with the object 
of ascertaining the behaviour of such a stnicture under test-loads consisting of 
hea^'y vehicles, and also under the action of an oscillator giving a pulsating 
force at various frequencies of revolution The results indicate that tho material 
behaves elastically with little |>crmancnt set Tho vertical deflexion at the 
crown under a test-load of 225i metric tons distributed ovci a length of 41 42 
metres (133 9) feet was 1/53,000 of the span, and was veiy small under a dis- 
tributed load of 650 kilograms per square metro (133 pounds per square feet). 
Tho greatest compressive stress at tho crown, assuming a modulus of elasticity 
of 2,540 tons per square inch was 122 pounds per square inch, and with one 
ex6eption the tensile stresses measured were less than the calculated values. 
Tho impact-coeflicicnt during the passage of lorries at a speed of 15 kilometres 
(9 3 miles) per hour was 30 per cent . for Irarawaycais and lorries at 12.16 kilo- 
metres (7.5— 9.3 miles) per hour it was 10 i>er cent Tlie natural frequency of 
tho arch was found to bo 4 periods per sec , the amplitude of vibration being 
±0 474 millimotros (0 0186 inch). At tho quarter-span the direction of oscilla- 
tion during resonance was oblique and nearly perpendicular to tlio axis of arch. 
Under a test-train tho maximum vibration at tho crown was ±0 14 millimetres 
(0 0055 inch), but the longitudinal vibrations were extremely small except when 
tho test-vehicles were braked suddenly 

Mo Ros. (*Aiin P ot 6 105-ii 409-506) 


(Extract from Engineering Abstracts. Now Series No 67, April, 1936). 


BRIDGE ENGINEERING 

BY 

Waddell Vol i 
^Extract from page 131 

Tho author is now employing tho impact values given b> tho curves of 
Pig. 70 for oloclric railway loads on Highway bridges. Furthermore, for loth 
highway and cloctric*mUway loadings, tho full \alues are u^ed for tuiil>cr floors 
only. For concrete sfn&r on sleet l/ridges, they are reduced one-fottith , nnd 
for reinforced concrete structures one-half 
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SUPPLEMENTARY NOTE ON STANDARD LOADINGS AND IMPACT 

BY 

Mr. IF. il. liadiet. 

Impact : — In his letter No. R./47/11031 clatoA the 7th July 193G Mr. W. J, 
Turnbull states that in the opinion of many bridge authorities a lower iinjiact 
factor should bo applied to certain typos of reinforced concrete bridges and in 
support ho encloses a few authoritative references collected by him for tlio 
perusal of the Main Committee. 

In my original Note, (see pages 377-404) I explained how I camo to select 
the formula Jx ^+1) — ‘ doing so I followed the decision of the 

Director of Civil Engineering to the Railway Boanl regarding proposals hy the 
Railway Standards Committee. Briefly summarised these were • — 

1. That with the present imperfect knowledge of impact effects this 

formula seemed reasonable. 

2. That it is convenient to have the same formula for all typos of 

bridges. 

3. That the effect of this desirable uniformity whilst erring perhaps 

on the side of severity in the case of certain typos of concrel^ 
bridges, was so small in comparison to tlio dead weight o! Iho 
structure that the desirability of uniformity preponderated. 

Like most other questions of this kind a decision must bo based on (juanti. 
tative factors rather than on general statements and I have thoreforo collect^ 
quantitative data. 

Referring to Mr. Turnbull's references, wo have the following : — 

1. Impact factor specified by Ministry of Transj>ort is GO per cent fop 

all spans and is usually applied to reinforced concreto bridges. 

In other countries the impact factor for reinforced concrete strue« 
tures is 25 per cent and this is reduced or even excluded ciitirc/y 
for parts not in the deck 

2. The Zimmerman effect referred to duo to centrifugal force L 

extraneous to this discussion and is dealt with in a separate clauiif' 

The Timoshenko effect due to speed of load Is about 15 per cent 
less for a concreto bridge than a steel bridge. Shock offects ar« 
greater for concreto bridges up to a 33 feet span, smaller in longff 
span Hammer blow effects in a concrete bridge aro 89 iKir cent 
of those in a steel bridge. 

3. In the Adolpho bridge, Luxemburgh. actual deflectometer, extcnii'j. 

meter and seismograph experiments showed that in a masonry arefi 
of 270 feet lorries produced 30 per cent impact and tramcar* 

10 i>er cent. 

4. Waddell uses 60 per cent only of bis impact factors in the case cf 

concrete bridges. 






SUPPLEMENTAKY NOTE ON* STANPUlD WWUrVt^ AND IMPACT 

r.Y 

Jlr. IT. .1. iJaiif/. 


Impact: — In his letter No. R-.’47/110'Jl tUtoi tJ.<' 7th Ju!> ]?3'3 Mr W ,T 
Tumbnll states that in the opinion of many hriilce autlK’ntJC' n 
factor should he applied to certain t>pcs of rcinforcol c<>ncri to v Rt,(] 

support he enclo<c3 a few authontativc references collfete*! l)> him for t'.o 
perusal of the Main Committee. 

In my original Note («ee pages 377-101) I eiplatned how I cau:c to 

theformnla Jx ^ . — . In doing so I foUov.O'l the decision of the 

45-hL 

Director of Civil Engineering to the Itailwa) Boanl rcganling proijosals hj t!.c 
Eailway Standards Committee Bnefly summari<5«l these were . — 

1. That with the present imperfect knowlotlgo of impact cfTucts ll/» 
formula seemed reasonable 


2, That it is convenient to have the same formula for all t>i>csof 

bridges 

3. That the effect of this desirable uniformity whilst erring pcrljapt 

on the side of severity in the case of certain types of coiicrtle 
bridges, was so small in comparison to tlio dead weight of Hk. 
structure that the desirability of uniformity proi>ondcpatcd. 


Like most other questions of this kind a decision must lie liaecd on quunh. 
lative factors rather than on general statements and I have llioroforo colUtltJ 
quantitative data. 


Eeferring to Mr. Turnbull's references, we have the following : — 


1. Impact factor specified by Ministry of Transport is fiO per cent ft 
all spans and is usually opphed to reinforced coneiolo Inidpos 

In other countries the impact factor for reinforced coiiciulo htn, 
tures is 25 per cent and this is reduced or oven excluded eiiii,,f* 
for parts not m the deck 


2 . 


Tho Zimmerman effoct referred to duo to contnfugul force f 
extraneous to this discussion and is dealt w ith in a sopariilo cIiukic 


Tho Timoshenko effect duo to 8i»cod of load is about 15 jior 
less for a concrete bridge than a wtccl bridge. Sliocic offp((, 
greater for concrete bridges up to n 33 feet span, Binallcr in 
span Hammer blow offectM hi a nmcroto bridge are 80 p^r 
of those in a steel bridge ‘ 


3. In tho Adolplio bridge, Luxcnihurgli. ntlual doficcloinetor, oxlf> 
meter and seismograph experiments showed that in a ninnonry 
of 270 feet lorries produced 30 |»cr cent ...a 

10 iwr cent 


^S'addeU uses 50 per cent only of Ins iiiij>act fuctors in i|n, 

. concrete bridges. ' 



266 


In comparison ■with the above authoritative references I reproduce the 
actual impact factors recommended by the Eailwayy Board and adopted by me 
in the proposed standard specification. 

Impact factors : — 

BRIDGE WIDTHS 


Span 

1 Trade. 

2 Ttack. 

5 Ttack. 

4 Track 

GO ft. 

0.2825 

0.2047 

0.1970 

0.1666 

80 ft 

0.2G00 

0.1970 

0.1685 

0.1328 

100 ft. 

0 2242 

0.1667 

0.1327 

0.1102 

120 ft. 

0.1963 

0.1446 

0.1141 

0.0940 

The corresponding 
concrete bridges are . — 

impact factora recommended by Waddell 

as reduced 

Span. 

1 Trad.. 

2 Tiack. 

3 Tinck. 

4 Track. 

GO ft. 

0.1925 

0.1050 

0.1300 

0.1150 

80 ft. 

0.1775 

0.1376 

0.1125 

0.0950 

100 ft. 

0.1700 

0.1250 

0.1000 

0.0850 

120 ft. 

0 1570 

0.1150 

0.0900 

0 0726 


Below arc given examples of 5 actual concioto bridges and the ofTeot of the 
above small differences on them. 

1. CelnUr Spandrel Arch: — 72 feet span, 24.5 feet roadway (3 lanes of 
traffic). 

Dead load 417 tons 
Live load 14G „ 

Total load 563 tons 

Impact allowance by proposed formula 25 tons being 4.45 per cent of total 

load. 

„ „ ^YaddelIs factor 17.8 tons 

Difference 7.2 tons being 1.28 per cent 

of total load. 

2. Open Spandrel Arch . — 235 feet [span, 23 feet roadway {2 lanes of 
traffic). 

Dead load 2,683 tons 

Lhcload 286 „ 

Total load 2,969 tons 

Impact allowance by proposed (oimula 2i tons being 0.79 por cent, of 

total load. 

,, Waddells (actor 21.5 tons 


Difference 2.5 tons Iwing 0.031 per cent 

of total load. 



8.9 toQ9 being 0.024 per cent of 
tot&l load. 

5. Eaxftri^Girder (Ccncrete) : — 135 feet span, 17 feet roadway (2 lanes 
of traEe). 

Dead load 3,3C9 tons 

lire load 1,193 „ 


Total load 4,502 tons 

Impact allowance by proposed fotmnla 157 tons lacing 3.44 per cent of 

total load. 

„ „ „ Waddell factor 119 tons 

Difference 39 tons being 0.83 per cent of 

total load. 

The differences in nsing the factors proposed by Mr, TumbuH’s 4th 
anthority and the proposed formula are respectively t — 

1.28 per cent, 0.084 per cent, 0.089 per cent, 0.024 per cent and 0.83 
per cent of the total load. 

It would appear that the Railway Board’s technical advisors wore quite 
justified in stating that differences would bo so small as to bo insignificant when 
weighed against the advantages of uniformity. 

The above tables also show that the proposed impact allowances are well 
below those mentioned in Mr. Turubull's Ist authority. 

Jbo proposed formula gives an impact factor of 10.3 per cent for the 
Adolphe hndge quoted by Authority No 3 against a measured effect of 30 
I'nr cent from lorries and 10 per cent (or tramways, 
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Steam Boilers: — Practically everj' province has adopted the 15 ton stear 
roller plus a crowd preceding and following it plus 25 per cent impact. 

It is well established that a vehicle moving at 3 to 4 miles an hou 
produces practically no impact effect. 

The only possible way in which a steam roller could produce a ver}* sligt 
impact effect is il one ol its wheels goes over a large stone which does nc 
crush under it. 

The heaviest wheel is less than 6 tons so that even if this be doubled th 
total weight put on the bridge cannot exceed 15+G=21 tons. 

The loadings recommended bj me for a 2 traffic lane bridge are : — 



Live Load. 

Impact 

Allowance. 

Total. 

60 

ft. span 52.S tons 

12.7 tons 

65.5 tons 

90 

.. 66.4 

13-1 „ 

79.5 .. 

100 

.. so.o ., 

13.3 „ 

93.3 „ 

120 

93.6 .. 

13.5 „ 

107.1 

It 

must be apparent that the 

effect described above 

is ins^mficant 


comparison, even if we leave out of account the impossibility of having a rollei 
in motion with the bridge fully loaded with fast moving lorries. 

OPINION’S OF CHIEF ENGINEEES ETC. 

Mariras. 

Plate No. 3 appended to my original mote on Standard loadings and 
impact herewith shows that the proposed standard loading plus impact is praeti* 
cally indentic^ with the Madras standard loadings plus impact as specified. 

There seems to be no reason why the proposed loadings and impact should 
not be adopted as all the Madras standoid designs would not be affected. In 
new designs the proposed loadings produce much simpler calculations for floor 
systems. In a recent case I had this worked out. Using the Madras specifica- 
tion 14 sheets of calculations were necessarv’. 'NVith the proposed standard 2 
sheets sufficed. The result was indentical. 

Central Province*. 

standard loading denved as in my original note seems more in accord with 
reahties than a vataing number of B.E-S..A. units for the reasons given therein. 

Barm a — 6. 

There is a wealth of data proving that impact effects increase the stresses 
in the mam girders of a road bridge. The logical way to allow for a variable 
impact effect is fo use a variable impact factor and not by varying the standard 
static lead. 

Bihar and Onsaa. 

The loadings used in this province are definitely lower than in any other 
provicce. Whether it is wise to limit the capacity of motor traffic for a con- 
•id-rah!e number of years is doubtful and it seems false economy not to cater for 
probable future development. The history of Indian railway bridges- clearly 


shows the vast sums of money required to rtiiso tlio loading standards on existing 
bridges 

I doubt whether the small dilTorence in cost of girders that would bo 
caused by the higher standard proposal would in reality liinder development as 
such extra cost in new construction represents less than 1/lOOOth of the cost 
of a now road. 

The suggestion that impact measurements should ho carried out is an excel* 
lent one but it should ho realised that a satisfactory investigation xvouldhe both 
costly in apparatus and personnel but would take n considerable time. 

Vnited Provinces. 

As no grounds are given for the recommendations made it is diQicuIt to 
express an opinion. 

Bombay. 

The Bombay standaid foi bridges up to 30 feet span is clearly much 
heaxier than the makers of mechanical transi>ort envisage Otherwise the 
proposed loadings seem to conform closely with their requirements (see plate 
No. 4). 

Army Headquarters. 

The same remarks as apply to Biliar*and Orissa apply to Baluchistan and 
transhordei areas. It would seem a mistake to limit permanent bridges to the 
hare military req'.iic^nituts as the ci\il mechanical tianspoit has developed 
recently to an enormous extent. So far piivate owncis have chiefly relied on 
mihtarj surplus sales (or their trans))ort hut when this source of supply is 
exhausted modern heavy veliiclcs will begin to circulate m those regions 
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APPENDIX III. 
INDIAN ROADS CONGRESS 
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Volume I — I93:f 


. “Objects and orflanisation of a Peimanent In<iian Roidg Congress ” Iiy 
K. G. Mitchell. C I.E . M. Inst C E 

•(o). Recent methods used for tho Ucatmcnt of toads with bitumen and tar 
in Delhi Protinee by, A W H Dean, M.C , I S E. 

The Trend of dovelopinent in the United Provinces in the matter of im* 
proving Road surfaces with ej>ecial reference to recent exj>orjmonts by 
C F. Hunter. M. Inst C E . \.M.t.E (India). 

Earth Road Construction and Maintenance by Macliinery by G. W. D. 
Breadon. 

. Earth Road Dovolopraent and Stabilisation with Gravel by Lieutenant* 
Colonel A, V. T. Wakely. D.S 0 . M C . R E 

■(ti). Progress made in the use of tar and bitumen in the Punjab since the last 
International Road Congress in Washington m October 1930 by S. G 
Stubbs, 0 B.E . I.S.E 

• 

<'{b) Notes on the uses of T.ir, Bitumen'; and Emulsioni*. in the Punjab by 
R. Trevor Jones, M C , M Inst C E 

I. .\spbalt Roads by G G C. Adami, B A (Cantab) 

The Use of cement concrete for the construction of Roads in the Bombay 
Pioaidency h) L E Greening 

Cement Concrete Roads by W. J Turnbull, U.Sc . M. Inst C.E. 

1 Concrete Ro.ads m II>.ierabad (Deccanj b> M A. Zeman 

). Corrugition of waterbound Mactdini Road Surfaces m the Bombay Presi. 
doncy. and acura by IIenr> J M Cousens 

1. Notes on the plant used for quvrrjiog and granuUtms and operating costs 
of the Giubati-Shilbng Roid, Kh*-.! an! Juntia IIilU Dnision A 5 «am 
b> n r Tin lor. R.N 

2 Same Piiystcal \spects of Tvres and Roads ba G L \V ^^o«s 

3. Te<t Tracks — A Suggestion l»> C D N Mearcs ' 



- Volume II — 1936. 


14. Analysis of Delhi Boad Traffic Census by B. L. Sondhi, I.S.E. 

15. A sti}dy of the relationship between vehicular traffic and road surfaces as 

affecting the selection of an economic road surface by H. F. Siiiba, I.S.E., 
and A. M. Abbasi. 

16. Traffic census and road diagrams by Lfc.-Colonel W. deH. Haig, D.S.O. 

17. Economics of road maintenance by S. Bashiram, I.S.E. 

18. Necessity for surface treatment of important tourist lines and some 

aspects of economical work in that direction by V. S. Srinivasaragha 
Achaiiar Avl. 

19. Treatment with molasses of the Bangalore-Mysore Boad by Diwan 

Bahadur N. N. Ayyangar, B.A., L.C.E, M.I.E. (Ind)., I.S.E. ^ 

20. The Bond problem in India with some suggestions by Colonel G. E. 

Sopwith. 

21. General leview of the results of recent road experiments in India as 

revealed by modern practice by K. G. Mitchell, C.I.E., I.S.E. 

22 Boad Beseaich and Eesults by C. D. N. Meares. 

23-(a). Beads in rural areas (Village Boads) by Hony. Captain Bao Bahadur 
Choudhvy Lai Chand, O.B.E, M.L.A, 

23-(6). Giavel roads by Diwan Bahadur N. N. Ayyangar, B.A., LO.E., 
M.I.E. (fnd); I.S.E. 

23 (c). Vitritle.l bricks for surfacing roads in deltaic districts by G. Gopala 

Acharya. 

24 Oil as a hinder foi earth and gravel roads by T. G. F. Hemsworth, B.A., 

I.S.E. 

25. Cement hound roids by W. J. Turnbull. B.Sc , M. Inst.*C.E. 

26 The necessity for a reasonably uniform standard loading for design of 
concrete bridges and a suitable loading for such and other types of 
bridges on highways in India by M. G. Banerji, B.A., B.E., A.M. Inst. 
M. k Cy. E, M..^.E., F.S.Sc. 

27. Design of highway bridges. The necessity for an All-India specification 
by W. A. Radice. B..\., A.M.I.C.E, G. Wilson, B.Sc., A.M.I.O.E.. and 
P. F. S. Warren, B A., A.M.LC.E. 

23. Permissible stresses in concrete bridge design by W. J. Turnbull, B.Sc , 
M. Inst , G.E. 

29. Rogtilation and control of motor trans|K>rt in Mysore by H. Eangacbar, M.A. 

30. The construction of the Shillong-Jnintiapur Boad in the Khasi Hills, 

Assam, by F. 13. Cortnack, I.S E. 

31 A method of rapid road reconnaissance by Captain W. G. Lang Auderson, 
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32. Some Bolfi? cc tRa Liy-cBt of raral aiw 5tihnrlnn nxni in tl.'* 

E. Trevcr Jcces, A-lf. Inst C.TL 

33. Eoads and PciCc E<ialUi m Fnnu with rT'ri»T>’r.'“,' ‘.a 

borrow pits, a=<£ rand dust by Raja lUm, B . A \l In't. C rl, F II 
San. r.. M.I.E. (rniT; 


34 Farther notes ca treatment of roads with bitun-en and lir tr. Jh’A.t 
Province by A. VT. E Doan, \r.C , 1 3 B 


35. Economy and developctanti of bonded hneV c^n-rr**** rr-id», tWo and 
reinforced by A. K. Dxtu. B F , if f B 'fnd }, if \ B 

3G Ways and means of imprcmn? the hQlloek'-cart h; fJ B W ifo*? 


- 37. Indian "Eoad-Aggregate^” thetr a^es and testing b*j R B ?or.dot. I.S B. 

38. Submersibla bridge acroas P»rU:i Kirer al mile 211 Isri-Be-r.Ur ItaaJ 

by Rai Bahadur S. K Bhidcn. 

39. Optimum weight of vehicles cf estra municipal roads by K 0. Mitchell 
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Frankfurt-Mannlicim^HcitlclberiJ Rond, Geriunny, 


FOR FAST TRAFFIC. 


MotorisCi appreciate the smooth restful 
travel afforded by the Concrete Ronds, 
also the absence of ruts, jolts and 
wheel-strain with consequent freedom 
from tension and fatigue. 





Dcihi-Bulandshahr Road. 

% 

In ihe end Cement Concrete is more Economical. 


It costs less to build than any other road of equal 
load-bearing capacity. 

Its maintenance cost is practically nil. 

It saves money for motorists by reducing petrol, tj’rc 
and car repair expenses. 


A set of pamphlets on 
cement concrete road 
construOtion will be 
scntJi^^^E to anyone 
applj-ii'^io Dept : I. R.. 
at the following address;- 


TKE 


'oncrete Association of India, 
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